re 


| BLUE PRINT| 


pear 
6. Work, Energy & Power ates 


Total 
Marks 


p=} f-f-fo] i 
3 n 


pæd 
e 
—_ 


A 
N 


| 13. Thermodynamics . 
14. Kinetic Theory of Gases, 5 ' 


N 


e 
~] 
(er 


N 


12. Thermal Properties of Matter 


e 


Total Number of Questions 


1. This Blue print is prepared according to the ‘Model Question Paper’ issued by B.1.E. 


2. Please, note that, at times, the public question paper may get slight deviation from the 


above given Blue Print. 


Physical World (Sesia 


Total Marks =2 


88 mar ee cabrones sete 
pee aaa 3 j -= az Se 


Cea pore nie A OT ET Su SU ae 


| VERY SHORT ANSWER QUESTIONS (2 MA 


RKS) || 


01. What is Physics ? TS Mar 16, May 22 

Ans: » Physics is the branch of science which deals with the physical properties of matter and their 
energies. 

02. What are the fundamental forces in nature ? TS May 18 


Ans: Gravitational force, Electromagnetic force, Strong nuclear force and weak nuclear force are 
the fundamental forces in nature. 


03. What is the discovery of C.V. Raman ? 
Mar 14; AP Mar 18, 20, May 16, 18; TS Mar 17, 18, 19, 20 


Ans: The discovery of C.V. Raman is Raman effect, which deals with scattering of light by molecules 
of a medium when they are excited to vibrational energy levels. 


04. What is the contribution of S. Chandra Sekhar to physics ?° 


AP Mar 15, 16, 17, June 15; TS Mar 15, 19, June 15 
Ams: Chandra Sekhar limit, structure and evolution of stars. . 


kk *THE END * ** 
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Ya 

0} Distinguish between accuracy and precision. . 

f AP Mar 15, 16, May 16, June 15; TS Mar 15, May 18 
Ans: The accuracy of a measurement is a measure of how close the measured value is to the true 
value of the quantity. 

Precision tells us to what resolution or limit the quantity is measured by an instrument. 


‘Accuracy depends on errors and also on the precision of the measuring instrument. 
Precision depends on the least count of the measuring instrument. 


, OO l 
DNE Preston sd 
1) It is defined as the closeness of the | It is defined as to what resolution the 
measured value to the true value. | quantity is measured. 
2) It depends on the minimization It depends on the least count of the 
of errors. i measuring instrument. 


M2. Distinguish between fundamental units and derived units. AP May 14; TS Mar 16, 19; May 22 . 
The units of fundamental physical quantities are called fundamental units. 


Ans: 
Eg: Kg, m, sec, etc... 
The units of derived physical quantities are called derived units. 


Eg: ms, J, ms” etc. 


% What is dimensional analysis ? 
Ans: Representing the unit of derived quantity in terms of units of fundamental physical quantities 
by raising the powers of fundamental quantities is known as dimensional analysis. (or) 


The dimensions of a physical quantity are the powers to which the units of base quantities are 
raised to represent a derived unit of that quantity. C 


Eg: Force = [M T°]. l 
ae Express unified atomic mass unit in kg. TS Mar 18, May 22 
Ans: : 


- Unified atomic mass unit (a.m.u) 


12x10% 
6.02 «107 


1 th 
© of mass of carbon atom =5x(C") w l 


_ -27 
12 E |- 166x10 kg. 


e can systematic errors be minimised or eliminated ? . 
AP Mar 14 , 17, 18, May 22; TS Mar 17 


Ans: Systematic errors can be minimised by improving experimental techniques, selecting better 
instruments and removing personal bias as far as possible. f 


06. The velocity of a body.is given by V= At? +Bt+C.If V and t are expressed in S.I, what are 
the units.of A, B and C? i AP May 07 


Ans: The velocity of a body is given by V = At? +Bt+C (in S.D. 


Dimensional formula of V is [LT], dimensional formula of t is [T]. 


T BOA E c 
-@ 


Where S.l units of L i is m and T is sec. 


According to the principle of homogeneity, 
Dimensional formula of V = Dimensional formula of A? => LT! = AT? > A =[LT*]. 


Dimensional formula of V = Dimensional Formula of Bt >LT” =BT > B=[LT”]. 


Dimensional formula of V = Dimensional Formula of C> C=[LT"], 


*. Dimensional formula of the constants A, B and C are LT™, LT and LT, 
` The S.l unit of A, B and C are ms“, ms” and ms”. 


0%“ The error in measurement of radius of a sphere is 1%. What is the error in the measurement 
of volume ? AP Mar 19 


Ans: We know, Ver’. 


But given, Bey 100 =1%. 
z ! 


Hence, ox 100 = 3(1%) = 3%. 


0$“ The percentage error in the mass and ined are 2% and 3% respectively. What is the 
maximum error in kinetic SRErEY: calculated using these quantities ? 


AP May 18, Mar 20; TS Mar 20 


Ans: K a > K œx my? 


AK a 
—x100= =(22x100)+2( £100), Given, AM s100 = 2% and AV 100 =3%.- 
K m v m Vv i 


. 100 = 2% + 2(3%) = 8% - 


09” What are significant figures and what do they represent when reporting the result of a 
measurement ? TS Mar 18 


Ans: In’a measurement, the reliable digits plus the first uncertain digits are known as significant 
figures. They represent precision of measurement when reporting result. (or) 


_ The number of reliable digits in a number with first uncertain digit are called significant figures. 
Y : Why do we have different units for the same physical quantity ? TS June 15, May 16, 22 
Ans: We have different system of measurements like C.G.S and M.K.S systems, we have different 
units for the same physical quantity. f 
Eg: 1) Energy - Joule in SI system and erg in C.G.S system. 
2) Force : Newton in SI system and dyne in C.G.S system. 


***THE END**% 
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Motion in A 
Straight Line 


|| SHORT ANSWER QUESTIONS (4 MARKS) || 


Derive the equation x=vet+ sat” using graphical method where the terms have usual 


meaning. ` . . TS May 11, 16; Mar 19 


Consider a body moving with uniform acceleration ‘a’. Let initial velocity of the body is ‘v,’ 


and it gains a velocity ‘v’ after ‘t’ seconds. The graph plotted between velocity and time is a 
straight line as shown in the figure. The area under v-t graph gives the displacement of the. 


body. 


From the diagram, OC = AD=t, OA=CD=v,, 


BC = BD +CD > BD =BC -CD >BD=v-yv, (1) 
So, displacement is area of OABC 


x= Area of rectangle ADCO + area of triangle ABD 


= x =(OC)(OA) +5( AD)(BD) = x= (v) +5 (CW -v) 


(from (1)) —— (2) 


0 
But, a= =>v-v, =at. 


1 1 
Substituting, this value in equation (2), X = Morita, CH) >x= vit + sat’ En 


Explain the terms ‘average velocity’ and ‘instantaneous velocity’. When are -they equal ? 
. Mar 19 
Average velocity: Average velocity is the ratio of the total displacement to the total time interval 


3 AX _ž -X 
in which the displacement occurs. Vave = Kg Poe” 


It is independent of path followed by the particle between initial and final positions. 
Instantaneous velocity: The velocity of the particle at any instant of time is called instantaneous 
velocity. . i 


AX _ dk 


elocity, v= Lt —-=—-. 
Instantaneous vV: y, too At dt 


In uniform motion, the instantaneous velocity of a body is equal to the average velocity. ` ` 
Average velocity belongs to entire motion of the body. 
Instantaneous velocity belongs to particular instant of time. 


Je INTER PHYSICS © 
03. 


@ MOTION IN A STRAIGHT LINE 

A ball is thrown vertleally upwards witha velocity of 20 ms” from the top of a multistorey 
bulling, The height of the polnt from where the ball is thrown ie 25.01m from the ground, 

a) How high will the ball rise ? and 

bb) How Long will it be before the ball hita the ground ? Take g = 10 ms” (actual value is 9.8 ms”). 


TS Mar 15, May 17; AP Mar 15; SOLVED PROBLEM 
Ana: o N Let us take the yaaxis tn the vertically upward direction with zero at the ground, 


Now, vy #220 ms", a s ye 10 me", ve 0 ms? 


a 


IE the ball rises to height ‘y? from the polnt of launch, then using the equation 
vi evi a ay Yo) We get O & (20)? +2(-10)Cy— yy) 


Solving, we get (y= yy) © 20 m or he Mt a 20% 20 «ogy 
2g 2x10 


b) We can solve this part of the problem as follows: 
ny } ee 
The total time taken can be calculated by using the equation, h= -vt + oat ; 


Put h= 25 m, v, #20 ms’, gs10 ms” 


25 = =20t4 slor (or) 5C = 20t- 25 =0, 


hax” + bx +¢ =0 00 | 
Solving this quadratic equation for ‘t, -b+ Vb? -—dac S ae =5 Sec. 
Ceo" 
l 2a 


04. Aman runs across the roof of a tall building and jumps horizontally on to the (locus) roof of 
an adjacent building. If his speed is 9 mts and the horizontal distance between the building is 
10 mts and the height difference between the roofs in 9 mts. Will he be able to land on the 


next building ? [Take g = 10 ms >] ' TS Mar 18 


Ans: Height velocity =9ms"!, Height difference h =9 m Acceleration due to gravity (g) =10 ms”? 


Distance between the buildings d=10m. 


Horizontal range (R) =u 2 >R soe i 9/18 = 12.074 m.: 
8 


Horizontal range is greater than distance between the two buildings. 


u. 


Building 


Hence, the man is able to land on the next building safely. 


05. A car travels the first third of a distance witha speed of 10 kmph , the second third at 20 kmph 
and the last third at 60 kmph. What is its mean speed over the entire distance ? | 
May 14, 22; AP Mar 18; TS Mar 16; PROBLEM 
Ans; Given, v; =10 kmph, v, =20 kmph and v, = 60 kmph 


3V, V: Va a '3(10)(20)(60) _ 3600 


Vous = Voy, av, +V, Ox 20) + (20x60) +(60%10) ~ 2090 S kmph . 


06. A bullet moving with a speed of 150 ms™' strikes a tree and penetrates 3.5 cm before stopping. 


What is the magnitude of its retardation in the tree and the time taken for it to stop after 
striking the tree ? TS May 18; PROBLEM 


Ans: Initial speed, u =150 ms`!, Final speed, v =0, Distance travelled, s=3.5x10° m 


Oo o a e e aeee e a e o A O 


f 


Jr. INTER PHYSICS ©———— a 


07. 


Ans: 


09. 


___.—-—© MOTION IN A STRAIGHT LINE 


=-a. 


Let magnitude of retardation is ‘a’, then acceleration 


Use v?—u? = 2(-a)s = 0? — (150)? = 2«(-a) x 3.5 x10" 


150x150 go ae 
ea ooo ok 2 —3,214x10 ms ^. 
2x3 5x10? 3214.28 x 10 


Let, the time taken for it to stop is ‘t. 
150 


3.214x10° = 4.667 x io” S, 


From v =u+(-a)t > 0=150-3.214x10°t > 3.214x 10°t=150 >t= 


A particle moves in a straight line with uniform acceleration. Its velocity at time tť=0 is v, 
and at time t= t is v,. The average velocity of the particle in this time interval is (v, + V, ) {2s 


Is this correct ? Substantiate your answer ? 

Yes, it is correct. 

Consider, a particle moving with uniform acceleration ‘a’ along a straight line (say x-axis). Its 
velocity is ‘v,’ at time t=0 at origin and it reaches a position ‘x’ in a time ‘t’ and its velocity 
became ‘v,’. Then, average velocity over time interval ‘t’ is , 


y: _Ax _x-0_x 1 
=s At t-0 t @) 


The displacement of the particle in this time interval ‘t’ is 


1 2 -X 1 V, -V 
x=v,t+—at" > —=v,+—at a | 
EF pee t 1+3 but, a 
x 1fv,-v, x 1 i V-V; _ 2V,+V2—Vi X_ (Vv, +V2) 
s Bey RES) OAT es Deg (ye Foy te eS eS 
ron + 3( 2 te Favs n : == 
(vı + V2) 


From equation (1) and (2), average velocity of the particle is equal to. 


A parachutist flying in an aeroplane jumps when it is at a height of 3km above the ground. 
He opens his parachute when he is at about 1km above the ground. Describe his motion. 
m TS Mar 17 

Motion before opening the parachute: A parachutist has jumped from an aeroplane flying 

horizontally at a height of 3 km above the ground. Now, he has two dimensional motion. 

1) He has horizontal motion, x =vt due to inertia of motion of the aeroplane. Here, ‘v’ is velocity 
of aeroplane. ' s 

2) He has vertical motion downwards due to gravitational force of attraction y = 0+1} 2)gt’. 
So, he follows a parabolic path till he opens the parachute at a height 1 km above the ground. 


Motion after opening the parachute: After parachute is opened, air resistance and air buoyancy 
acts on the system in upward direction along with gravitational force in downward direction. 
Due to these forces, the net acceleration will become zero after falling through certain height. 
Thereafter, the system attains a constant velocity called terminal velocity. Further he falls along 
a straight line downwards with the same terminal velocity till he reaches the ground. 

A ball is dropped from the roof of a tall building and simultaneously another ball is thrown 
horizontally with some velocity from the same roof. Which ball lands first ? Explain your 
ania TS June 15 

Both the balls reach the ground simultaneously. 

1) Consider, a ball dropped from the roof of height ‘h’, the time taken by the ball to reach the 


ground is ‘t, >, then 
Initial velocity v, =0, acceleration a=+g, 


Jr INTER PHYSICS © ® MOTION IN A STRAIGHT LINE 


Distance travelled x =h and time tst. Rool G) ONTON 
Er l a wh, ) 
rom X=v,t+—at", h: CON += gt gree 
2 2 falling body 
l 2h 
=h- “Sti > h a /—— — (1) 


2) Consider, a ball thrown horizontally with velocity ‘u’ from the same roof, the time taken by 
the ball to reach the ground is ‘t, ^ Here, initial vertical velocity, v, = ucos90° «0. 


Acceleration a= +g, distance travelled in vertical direction y=h and time t=t,. 


ere: ee ae ee fon 
From y=vyt+—ato > h=(0), += pt) =- wl. ngea 2P — 2 
0 5) ( DIS z Be ze? t 7 (2) 
From (1), (2), it is proved that t, =t,. 
Hence, both reach the ground at the same instant of time. 


10. A man walks ona straight road from his home to a market 2.5km away with a speed of 
5 kmh"!. Finding the market closed, he instantly turns and walks back home with a speed of 


7.5 kmh7!. What is the a) magnitude of average velocity and b) average speed of the man 


over the time interval 0 to 50 min? May 18, Mar 19; TS Mar 18, 20; PROBLEM 
: : . fos s 25 1 i 
Ans: Time taken to go from home to market is t, = — = >t, sgir =30 min. 
M s , 
? r . f s 25 1 
Time taken by him to get back from market to home is t, =— = 75 aa = 20 min. 
‘ v, 7. 


We have to find average velocity and average speed over time interval 50 min which is equal to 
to and fro time of journey. 


total displacement — 0 


=0, 
total time 50 


a) Magnitude of average velocity = 


total distance = 2.54+2.5 
total time (1/2)+(/3) 


11. Acar moving along a straight highway with a speed of 126 kmph is brought to a stop within 


b) Average speed = =6 kmph. 


a distance of 200 m. What is the retardation of the car (assumed uniform), and how long 
does it take for the car to stop ? AP Mar 20; ADD. PROBLEM 


Ans: Initial velocity of the car, u =126 kmph = 35 ms", Final velocity of the car, v=0. 


Distance covered by the car before coming to rest, s=200 m. 
Retardation produced in the car =a. 


From third equation of motion, ‘a’ can be calculated using the formula, v? —u* = 2as 


_ 35x35 


= (0% —(35)? = 2xa x200 >a 


= —3.06 ms”. 
2x200 he 
From first equation of motion, time (t) taken by the car to stop can be obtained using the 
formula, v=u+at>t= vru s H, 
a -3.06 i 


***THE END*** 
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| SHORT T ANSWER GUESTIONS a MARKS) m 


State parallelogram law of vectors. Derive an expression for the magnitude and dire ctlon of 
the resultant vector, Mar 14; AP Mar 20; TS Mar 16, 17, 20, May 17, 22 
Statement: If two vectors are represented in magnitude and direction by the two adjacent sides 
of a parallelogram drawn from a point, then their resultant is represented in magnitude and 
direction by the diagonal passing through the same point. 


O A P(Bcos0) 


Explanation: 
Let A and B are two vectors represented by the two sides OP and OQ of a parallelogram 


OPSQ. The diagonal OS represents the: resultant R. 
i.e., R=(A+B) in magnitude and direction. 


Expression for magnitude of the resultant (R): 
Let us extend the line OP upto point N and draw a perpendicular from S to N. From the 
parallelogram OPSQ, 


ZQOP = ZSPN =0; 


OP =QS = A (the magnitude of A) (1), OQ=PS=B (the magnitude of B ) (2) 
and OS=R (the magnitude of resultant R) ——— (3) . 
From right angled triangle PNS: 
cos = EX => PN = PScos0 = PN = Bcos0 (4) 
y 

sino => = NS =PSsin0 = NS =Bsin0 OE 
From the right angled triangle ONS: 
(OS)? = (ONY + (NS)? = R? = (OP +PN)? + (NS)? (C ON = OP + PN) 
= R? = (OPY +(PN)’ + 2(OP)(PN) + (NS)? 
= R? = A? +B? cos? 0+2ABcos0 +B? sin?0 [~ From (1), (4), (5)] 
=> R? = A’ +B’ (sin? 0+ cos’ 0)+2ABcos0 = R” = A? +B? +2ABcos0 Ç- sin?0+cos?0 = 1) 
, R= VA? +B’ +2ABcos0- 

ei U di Eg y's n ey ae 
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Direction of the resultant: 


If the line of action of the vector 4 is taken as reference line, the resultant R makes an angle 
® with it. This angle indicates the direction of R. 

In the right angled triangle ONS, 

NS NS 


tan§ = — = : 
ON OP+PN 


CON = OP + PN) 


Bsind 
From equations (1), (4) and ©), tana = ————— , 
; Ud qe A+Bcos0 


The direction of the resultant vector R is given by a= tan [= Besa | 
A+Bcos0 


02. Show that the trajectory of an object thrown at certain angle with the horizontal is a parabola 
AP Mar 15, 16, 17, 18, 22; May 17, 18, June 15; TS Mar 15, 18, May 16, 22; June 15 
Ans: 


Projectile: If a body is projected into air by a person at an angle other than 90° with the 
horizontal, then the body is called a Projectile. 
Expression for the trajectory of an object: Consider a body projected from the point ‘O’ into 


air with an initial velocity ‘u’. It is making an angle ‘6’ with the horizontal as shown in the 
figure. 


The path OAB is called the trajectory of the projectile as shown in the figure. 


To consider the two dimensional motion of the body, we resolve the initial velocity ‘u’ into two 
rectangular components: i 


1) Horizontal component u, =ucosé, 
2) Vertical component u, =usine. 
Suppose the projectile is crossing the point ‘P’ after time ‘t’. 


i) Its horizontal displacement ‘x’ is given by 


X= ute pat! =(ucos8)t +e =(ucos@)t — (1) (a, =0) 
$ 


ii) The vertical displacement ‘y’ is given by 


1 
y =u,t tiat =(usin6)t jg ee C- a, =-g) 


-y = (usin Ot et" — (2) 


From equation (1), x=ucos@t >t= 


x 
ucos0 @) 


Using equation (3) in equation (2), we get, y = usino z J-e x J 
ucos0) 2 \ucosd. 


—— ee O. [Laam 
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2 


Prd 


, ee g 
The displacement i syensional motion is given by y -tanx -ziz x 
displacement in two dimen i 2u? cos? 0 


g ` ry ` =, os 2 
(Let tan0 =A and ———— =B) Then, y = Ax-BX 
2u” cos’ 0 

Result: This equation represents the equation of a parabola. 
Hence, the trajectory of a projectile is a parabola. 

u sin” 0 u’ sin 20 
Show that the maximum height and range ofa projectile are - “2g and — a respectively. 
AP Mar 12 


Where the terms have their regular meanings. 


atest vertical displacement of a projectile during its journey is 


Maximum height (H): The gre 
projection at which the vertical 


called maximum height (or) It is the height above the plane of 
component of velocity becomes zero. i 


For maximum height, we consider vertical displacement upto maximum height. 


Initial vertical velocity (u,) =usin9, Final vertical velocity (vy) =0, 
Vertical acceleration (a, )=~—g, Vertical displacement (s) = Hmax- 


From equation of motion vy -Uy =2a,s > 0° -(usin0)* = 2(-8)Hmax => U’ sin’ 0 = 2gH nax 


_u’sin’ 0 
max 2g \ 
Horizontal Range (R): The maximum horizontal displacement of a projectile when it reaches 
the horizontal plane of projection, is called range (R). For range, we consider horizontal 
displacement during time of flight. . 
Initial horizontal velocity (u,) =ucos6, Horizontal, acceleration (a,)=0, 


2usin0 


Time of flight (T) = , Horizontal displacement. =R. 


Substituting in s =ut+ wat 


R =(ucos0)T _ Cucos0)(2usin®) _ |» @2sin®-cos®) — R_u'sin26 
g ' g g . [~ sin20 =2sin0cos6] 


Maximum horizontal range: When a projectile is thrown at > wi 
an angle 45° wit i 
the range becomes maximum. ; leno with ue ee 
—u’sin20 u’ sin(2x45°) _ u? 
max g g g 
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Show that the maximum height reached by a projectile launched at an angle of 45° ts one 
quarter of its range. TS Mav ld 


Let a projectile be thrown into air at an angle “O° above the horizontal with velocity w’, its 


usin’ 0 


maximum height during the motion is H sees ‘eaters (1) 
= 
2 ot 9D 
Its horizontal range is R - ee aaa (2) 
R 
ah H wsin’0 g sin’ 0 He tand 
Dividing equation (1) by equation D), == ——— x = 5 : 
: ( 3 5q one) R 2g u sin20 2x2sin0cosð ~ R 4 
` 4H = R tan — (3) 
In the question, given that 0= 45°, 4H = Rtandd? = RxXL= Ro He ig 
{ 


Thus, maximum height reached is one quarter of its range. 


Ament 


Define unit vector, null vector and position vector. AP May 97, Sep 2000, May 22, June 15 


Unit Vector: A vector whose magnitude is unity (1) is called unit vector, y 
For a given vector A, it is represented by Ñ. 


The unit vector along the direction of A is given by A “ia 
A 


It has no units and dimensions. 


Eg: In a coordinate system, j, i; k are the unit vectors along X, Y & Z axis respectively (or) 
i-fl=lel- 


Null Vector: A vector whose magnitude is zero(0) is called a null vector. It is represented by © 
as shown in the figure. 


Eg: The position of a particle at the origin. 


Position vector: A vector which specifies the position of an object with respect to the origin of 
a coordinate system is called as position vector of the object in the system. 


The position vector of an object at P is represented by OP as shown in the figure, 


Eg: If P(x,y,z) are the coordinates of the object P and O is the origin of the system, then 


position vector is given by OP =xi+yj+zk. 


Its magnitude [OF] = Vx? +y’ 4278 
®© nae Oe 
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06. If a+b) = lā - D|, prove that the angle between a and b is 90°. TS Mar & May 18, May 22 


Ans: Let ‘@’ be the angle between a and D. 


a -b| = Ja? +b? +2abcos@ =va + b? —2abcos9 


squaring on both sides, 


Given that, 


d+b|= 


a? +b? +2abcos0 = a? +b’ -2abcos® > Aabcos0 =0 = cos0=0 = 0=90". 


Hence, angle between the two vectors is 90°. 


beak and flies parallel to the gr 
ctory of the fruit as it falls to the ground as seen by a) t 


ound. It lets go of the fruit at some 
he bird b) a 
TS May 22 


07. A bird holds a fruit in its 
height. Describe the traje 
person on the ground. 


When the bird dropped a fruit while flying horizontally, it falls on to the ground after some 


time. The path travelled by fruit depends on the reference frame. 
nents of velocity of the bird and the fruit 


Ans: 


a) At any time ‘t’, the horizontal and vertical compo 
will be as below: 


Hence, the path of the fruit is a straight line vertically downwards with respect to the bird 
b) If we take stationary person on the ground as reference, then horizontal and vertical 
displacements of fruit with respect to person will be as below: 


X 


x =ut-0=ut and E2 
u 
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Ans: 


10. 


Ans: 


] 1 (x 
Yip =U,t+—ot? =0 = a | ee, 
fr y 98 sze) 


B = 
Put w A (constant). 
ti eRe It is the displacement in two dimensional motion. 
Result: Hence, the path of the fruit is a parabola with respect to the person. 


A force 2i+j-k newton acts ona body which is initially at rest. At the end of 20 secs , the 


velocity of the body is 4] + 2f — 2% ms-!. What is the mass of the body ? AP May 16 


Force acting on the body F = mā -m( 75). 
t 


Given that initial velocity ti=0, final velocity % = 4î+ 2)-2k, time t= 20s. 


Force, F =2i+j-kN = |2i+j-k|=m 


4i+2j-2k| pa + 4) Qmps a a 20 

E a > ñ+j-k|= Sri- sme 3 10 kg. 

‘O’ isa point on the ground choosen as origin. A body first suffers a displacement 10/2 m 
North - East, next 10 m North and finally 10/2 m North - West. How far it is from the origin? 
TS Mar 19; SOLVED PROBLEM 


S, = 10/2 m due N-E =(10i+10j)m, S,=10m due N=10j, 
S, =10/2 m due N-W =-10i +10), 
S, +S, +S, = 101+ 10j+ 10j-10i +10j =30j=30m due north. 
|| VERY SHORT ANSWER’ QUESTIONS (2 MARKS) || 


The vertical component of a vector is equal to its horizontal component. What is the angle 
made by the vector with X-axis ? TS May 18; AP Mar 19 


Consider a vector A=A,i+ A. f: 
Let ‘0’ be the angle made by A with X-axis. 


X-component of À =A, =Acos@, Y-component of A= A, =Asin@. 


Given that, A, = A, > Acos® = Asin9 > tand=1>0=45°_ 


13 
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14. 


Ans: 


15. 
Ans: 


16. 


Ans: 


Se W A L a rr O 


Velocity of wind, Vy 


@ MOTION IN A PLANE 
g units act at 60° with each other. What is the 


Two forces ik 3 f d! 
es of magnitudes 3 units an AP Mar 15, 17, May 16, 17; TS May 22 


magnitude of their resultant ? 
Magnitude of the resultant, Ei : ji l E | YA 0A cos0) . 


F, = VQ) + (5)? +2x3x5c0s60° = 
When two right angled vectors of magnitude 
magnitude of their resultant ? 


Given that the angle between the two vectors is 90°, 


Magnitude of their resultant, Fk = JF +F? +2FF, cos0. 
R = y0 +(24) +2 x7x24c0s90° = J49 +576 = V625 = 25 units. 


A =i+j- What is the angle between the vector and X-axis ? 
| AP Mar 13, 14, 20, May 22; TS Mar 17, 20 


Given, A mee . Compare it with A= A i+ A,j 
Let ‘a’ be the angle made by the vector A with x-axis. 


. A 1 1 , 
Then cosa=7— = apal 45°. 
Al ee 2 : 


If P = 21+4j+14k and Ġ=4î+4j+ 10k , then find the magnitude of P+Q. 
` TS Mar 15, 16, May 22 


P+Q= (4+ 44148) + 41+ 4}+108) = =61+8j+24k. 


Magnitude of P+Q is gwen by |P +Q= NE + (8) +(24)? =V36+ 644576 =/676 = 26 units . 


What is the acceleration of a projectile at the top of its trajectory ? TS Mar 19 


Acceleration of a projectile at the top. of its trajectory is ‘g’ (acceleration due to gravity) and 


directed vertically downwards (a=g 4). 


Wind is blowing from the south at 5 ms”. Toa cyclist, it appears to be blowilg from the east 


at 5 ms™ , Find the velocity of the cyclist. — SOLVED PROBLEM 
N | | : 
W E 
S 


= 5j, Velocity of wind relative to cyclist, 7 =—5i. 


ee ES EI, ie 5j—(5i) = +5) + 51 =|¥,|=5V2 ms™ towards north east. 


we 


***THE END*** 
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i {AO () -0x8 «OM 
Laws of Motion $e: 


Mec 


na n ar E p n LEEENA Sie T A aes ne plist ia iais i eee a s Li eae eed 
|| LONG ANSWER QUESTIONS (8 MARKS) || 


i) State newton's second law of motion. He 


nce derive the equation of motion F = ma from It. 
AP Mar 16, 17, 19, May 16, 17 


ii) A body is moving along a circular path such that its speed always remains constant, Should 
there be a force acting on the body ? 


D Newton’s second law of motion: ‘The rate of change of momentum of a body is directly 


Proportional to the net external force acting on the body and it takes place in the direction 
of the force that acts’, ied 


Derivation: i F 
i ; 5 
Consider a body of mass ‘m’ moving with velocity ‘v’. Let a net external 


force ‘F' acts on the body. Let its velocity is increased by Av in a time interval At. 
According to newton’s II law of motion Fe Ap (or) F= ($), 
At At 


where ‘k’ is proportionality constant. 


. . ; Ap P) d(mv) 
At a particular instant, F =k| Lt 5 |= k| Œ = EA 3s = 
P (u, 2) (F (or) F=k T [. Aapa enean P=mv] 


As mass of the body is constant, F= kms -kma g Z =acceleration @)| 


If, k=1, then F=ma. If m=1kg, a=1ms~, then F=I1N. 
SI unit of force is ‘N’ (or) kg ms” , CGS unit is dyne (or) g cms”. 


Dimensional formula [MLT~],. 
ii) Yes, centripetal force must act on the body. 


|| SHORT ANSWER QUESTIONS (4 MARKS) || 


Mention the methods used to decrease friction. 
AP Mar & May 14; AP Mar & May 18; May 22; TS Mar 16, 19, May 16, 17 


1) Polishing: When surfaces are polished, irregularities of the surfaces are minimised thereby 
friction decreases. 


2) Ball-Bearings: The hard steel balls (call bearing) placed between the moving parts convert 
sliding friction into rolling friction, hence, friction is reduced. 

3) Lubricants: Lubricants like oil (or) grease which spreads over the surface and fills the 
irregularities of the surface, thereby, the friction is reduced. 

4) Streamlining: By making front portion of vehicles in a curved shape friction due to air can 
be reduced. 


Why pulling the lawn roller is preferred than pushing the lawn roller ? 


AP Mar 06, 08, 10, June 10 
Pulling: Consider a lawn roller pulled by a force ‘F’ which makes an angle ‘@’ with the horizontal, 


The weight ‘mg’ acts vertically downwards and normal reaction ‘N’ acts vertically upwards as 
shown in figure. 


— 15 oe = ua 
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y Pa 


KAN 


Fecos0 


mg 


components. The component Fsin@ acts vertically upwards 


Let force ‘F be resolved into two 
long horizontal direction. 


and other component Fcos0 acts a 


In this case, normal reaction, N =mg -Fsinð 


Frictional force, f, = p,N (or) f = u, (mg -F sin®) (1) 
shed by a force ‘EF’ which makes a 
lly downwards and normal reaction 


Pushing: Suppose the lawn roller is pu n angle (3) with is 
horizontal. The weight ‘mg’ acts vertica N’ acts vertically 


upwards as shown in figure. 


o two components. The component Fsing acts vertically 


Let the force ‘F’ be resolved int 
long horizontal direction. 


downwards and other component Fcos@ acts a 
In this case, 


Normal reaction, N=mg+Fsin@ 


Frictional force, f, =n,N>f = u, (mg +Fsin@). (2) 
From eq. (1) and (2), we see that the frictional force is more in pushing than in pulling case. 


Hence, it is easier to pull than to push a lawn roller. 
Explain the advantages and the disadvantages of friction ? 
AP Mar 06, 15; TS Mar 15, 17, May 22 


Advantages of Friction: , 
1) One can hold any object with fingers due to friction. 
2) Safe walking on the floor is possible because of friction between the floor and the feet 


3) Nails and screws are fitted in the walls (or) wooden surfaces due to friction. 
4) A match stick is lightened because of friction. 

Disadvantages of friction: 

1) Due to friction wear and tear of machines increases. 

2) Heat generated due to friction, decreases the efficiency of engine. 

3) Friction results in the large amount of power loss in engines. 


_______- @- 
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Define the te rms momentum and impulse, State and explain the law of conservation of line 


ar 
momentum. Give tts examples, 


AP Mar 20; TS June 15, May 18 
Momentum: The mome 


ntum (p) of a body is defined as the product of its mass (m) and 
velocity (v). 


p=mv, 
Impulse: ‘It is defined as finite change in momentum during small interval of time’, (or) 
Impulse = force x time interval 


J =mv¥-mi = FaAt- 
Law of conservation of line 


ar momentum: It states that ‘the total momentum of an isolated 
system remains const 


ant if there is no net external force acting on it’. 
Examples: 


1) According to law of conservation of momentum, the total momentum of the bullet and the 
gun before and after firing should be the same. In this case it is equal to zero. So, as the 
bullet gets forward momentum, the gun should get equal momentum in backward direction. 


Pp +P, =0 => P, =-p,. 


mv, 
À i aes isana T GSE ste 
I i Bh Bullet 


2) Explosion of a bomb into two pieces: 


i MoV» mV; 


Gp 


Bomb is initially at rest. So initial momentum of the bomb =0. 
According to law of conservation of linear momentum, 
initial momentum of the bomb = final momentum of the two pieces of the bomb 


0=m,v,+m,v, > m,v, =-m,v, i.e., p, =—p,. 
Hence, the two parts fly off in opposite directions. 


3) Motion of a rocket: When a rocket is fired the exhaust gases of the fuel release downwards 
then the rocket moves upwards with equal and opposite momentum. 


State the laws of rolling friction. TS Mar 20, May 22 
The laws of rolling friction can be stated as follows: 

1) The rolling friction is directly proportional to the normal reaction. 

2) Rolling friction depends upon area of contact. 

3) Rolling friction depends upon radius of rolling body. 
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|| VERY SHORT ANSWER QUESTIONS (2 MARKS) {| 
4. 19. TS Mar 17 
What is inertia ? What gives the measure of inertia ? AP Mar 1 7 


y TI - tet . z n © E 2*2? f 
1) The inability of a body to change its state oi rest or state oi m 


otion by itself is known as 


2) Mass is a measure of inertia 


m.ctocoUe > 


When a bullet is fired from a gun. the gun gives a kick in the backward direction. pee 
Mar 15 


tion of momentum, the total momentum before and after nng 
et before firing IS equal to 


=-* 


m of the gun and the bull 


should be the same. Here, total momentu al ; 
zero. After firing aš the bullet gets forward momentum, the gun should get equal momentum In 
backward direction for total momentum zero 


i ro pi i must travel in opposite directions. 
If a bomb at rest explodes into two pieces. the pieces TS Mar 13. 16, May 22: Jane 15 


Explain. 
Bomb is initially at rest. So. initial momentum of the bomb =0. 


According to the law of conservation of linear momentum, 


Initial momentum of the bomb = total final momentum of the two pieces of the bomb 
fo 
: { m,} 
ie., O=m,v,=M,Vv, > MV; =V; > V:=-} ~~ i(v,)- 
g 7 o en Gy, 
Hence, the two parts fly off in opposite directions- 
TS Mar 18 


Can the coefficient of friction be greater than one ? 


Yes, when the contact surfaces are polished heavily, then the adhesive forces between the 
molecules increases, then the value of coefficient of friction will be greater than unity. 


Why does the car with a flattened tyres stop sooner than the one with inflated tyres ? 
AP Mar 20, May 11 


Rolling friction depends on area of contact. In the case of flattened tyres, the rolling friction is 
more due to greater deformation of tyres. As friction is more, it stops sooner. 


A horse has to pull harder during the start of the motion than later. Explain ? 
AP Mar 13, 18, May 09, 16, 22 


Before starting the motion, a horse experiences limiting friction and later it experiences kinetic 
friction. Limiting friction is more than kinetic friction. Thus, the horse has to pulla cart harder 
during the start of the motion than later. 


What happens to coefficient of friction if weight of the body is doubled ? 
AP May 14, Mar 16; TS Mar 19, May 22 


Coefficient of friction depends only on nature of the surfaces in contact and independent of 
weight of the body. So, it remains constant. 


Calculate the time needed for a net force of 5N to change the velocity of a 10 kg mass by 
9 ma, TS May 16; SOLVED PROBLEM 


Given, force, F_,, =5N, mass, m= 10 kg 


Change in velocity (Av) =2 ms”, time t=? 


í i locity ) m(Av -2 102 
Fa =ma =m( Cange voa )- ( Jee LO ae 
time t t 
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A constant force acting on a body of mass 3.0 kg changes its speed from 2.0 ms" to 3.5 ms" 


in 25 sec. The direction of motion of the body remains unchanged. What is the magnitude 
and direction of the force ? ADD. PROBLEM 


Here, m=3.0kg, u =2.0 ms”, v=3.5ms', t=25s, F=? 


F=ma= 


m(v-u) _ 3.0(3.5 — 2.0) 
t 25 


The force is along the direction of motion. 


=0.18N, 


A batsman hits back a ball straight in the direction of the bowler without changing its initial 
speed of 12 ms”. If the mass of the ball is 0.15 kg , determine the impulse imparted to the 
ball. (Assume linear motion of the ball AP Mar 17; TS Mar 20; EXAMPLE PROBLEM 


Change in momentum =0.15x12-(-0.15 x12) =3.6Ns. 


Impulse =3.6 Ns, in the direction from the batsman to the bowler. 


This is an example where the force on the ball by the batsman and the time of contact of the 
ball and the bat are difficult to know, but the impulse is readily calculated. 


*** THE END*** 


*@ — a i 


01. 


Ans: 


a) State the law of conservation of ene 


b) 


LAQ (I) -1x8=8M 
SAQ (0) -0x4=0M 


I| LONG ANSWER QUESTIONS € MARKS) | 

freely falling body. What 
ion of energy is applicable ? 

17, 19, 20, May 16, 17, 18 
d each bullet travels with a velocity of 


rgy and verify it in case ofa 
are the conditions under which the law of conservat 

AP June 15, Mar 15, 16, 18, May 16, 18; TS June 15, Mar 16, 
A machine gun fires 360 bullets per minute an 
600 ms~. If the mass of each bullet is 5 gm, then find the power of the machine gun ? 


Mar 14; AP June 15, May 16, Mar 16, 18; TS May 18; PROBLEM 


Law of conservation of mechanical energy: 


Statement: ‘The total mechanical energy of asyste 
work on it are conservative and the external force 


m is constant, if the internal forces doing 
s do no work’. 


Verification in the case of freely falling body: 


Consider a ball of mass ‘m’ dropped freely from a height ‘H’. 


The total mechanical energy of the ball ‘E’ is given by E=K+U where ‘K is the kinetic 
energy, ‘U’ is the potential energy of the ball. Let A, B, C be the points at a height ‘H’, H-x and 
on the ground respectively as shown in the figure. 


At A: i l ; 
Height of the ball =H, Velocity of the ball =v, = 0, Distance travelled by the ball =0. 
Kinetic energy of the ball, K= Zm =5m(0)" =0 


Potential energy of the ball, u = mgH 


The total energy at ‘A is E, =K+U 


E, =0+mgH >E, =mgH — (1) 
At B: l 
Height of the ball =H-x , Velocity. of the ball =v,, Distance travelled by the ball =x 


From v2 —v? =2as; v,—0° = 2ex > v2 =2gx 

The kinetic energy of the ball, K = Lmv = Lae) =mgx. 
The potential energy of the ball, U = mg(H-x)=mgH-mgx. 
The total energy of the ball, Ep =U +K i 

E, =mgH - mgx + mgx > E, =mgH — (2) 


At C: 
Height of the ball =0, Velocity of the ball = Ve, Distance travelled by the ball =H 


From v2-v4, =2as, 


v2 -0° = 2gH = ve =2gH 


Jr. INTER PHYsicgs @———_ o OoOo 


02. 


Ans: 


— ~® WORK, ENERGY & POWER 
Kinetic energy of the ball, K = mv = ZmC2gH) = mgH 


Potential energy of the ball, U=mgh=0 (v h=0) 
The total energy of the ball, E.=K+U 


(3) 


From equations (1), (2) and (3) it can be concluded that the total mechanical energy of 


the ball remains constant under the action of gravitational force which is a conservative 
force. 


Conditions: 


E. = mgH +0 => Ec = mgH 


1) The total mechanical oeeY of the system remains constant, under the action of the 
" conservative forces. 


2) The total mechanical energy of the system is not constant, under the action of non- 
conservative forces. 


b) Let velocity of each bullet be v =600 ms”, Power = ? 


’ 


Mass of each bullet, m =5 gm = 5x10” kg, No. of bullets fired, n = 360, Time, t=1min=60s. 


l1 mny? 1 0.005x360600x 600 


P P = — = — a ee a = ‘ 
ower, 2 t 9 x 60 5400 W =5.4 kW 


Develop the notions of work and kinetic energy and show that it leads to work-energy 
theorem. AP Mar 14, 15, 17, May 17; TS Mar 15, May 22 


Work: Work is said to be done by a force when a body undergoes displacement parallel to the 
line of action of the force. 
W =F-S =FScos0 


Kinetic energy: Kinetic energy is defined as the energy possessed by a body by virtue of its 
motion. 


K.E= Eav 
2 


Eg: i) A vehicle in motion, ii) Water flowing in river etc. 

Work energy theorem: 

Statement: The work done on a particle by a resultant force is equal to the change in its kinetic 
energy. 

Proof: Consider a particle of mass ‘m’ moving with an initial velocity ‘u’. When a constant 
resultant force ‘F’ acts on it, it moves with uniform acceleration ‘a’ and attains velocity ‘v’ after 
‘t’ sec. Let ‘s’ be the displacement of the particle. 


. P y 4 F u v 
From equations of motion, v* —u* = 2as 


m 
Multiplying the above equation with z on both sides, 


m, ; z M 1 x. | 2 T 1 2 1 9 
> [v?-u Je as A a ey amas y =u =Fs, Here work done, W =Fs 


A 


= ie? L A 

2 2 
The above equation gives relation between work and kinetic energy. 
(or)K, -K =W, 


where K, and K, are the initial and final kinetic energies of the object respectively. 
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sa! -ollisions ? Develop the theory of one 
What are c 8 ? Explain the possible types of ¢ oll re be . : 
ionar pre ba vere May 14, AP Mar 19, 20; TS Mar 18, TS May 22 
Show that in the case of one dimen 
of two colliding bodies before co 
after collision. 
A body freely falling froma certain 
9', What is the coc 


sional clastic collision, the relative velocity of approach 
Hlision is equal. to the relative velocity of separation 


height ‘h after striking a smooth floor rebounds and 
’ 
{ficient of restitution between the floor and the 


À TS Mar 18 
rod y7 f i bat 

\ strong interactioh between bodies which involves exchange of momenta is called collision. 
are ) € 4 is ‘a! 

They are of two types: 1) Elastic collision, 2) Inelastic collision 

Elastic collision: The collisions in which both momentum and kinetic energy are conserved 


are known as elastic collisions. 


raises to a height ‘h / 


Inelastic collisions: The collisions in which kinetic energy is not conserved but momentum 
is conserved are known as inelastic collisions. Here the loss of kinetic energy appears In 
the form of heat or other forms of energy. 7 
Perfectly inelastic collisions: When two bodies move together after collision, the collision 
is said to be perfectly inelastic. 

One dimensional elastic collision: If the velocities of the objects involved in collision are 
along the same straight line before and after collisions, then such collisions are known as 
one dimensional collisions. l 


Consider two smooth spheres moving along a straight line joining their centres. Let m, and 
m, are the masses of the two bodies. Suppose they undergo one dimensional elastic 
collision. Before collision, let u, and u, be their velocities. After collision, let v, and v, be 


their final velocities. Assume that u, > u,. 


a) Before collision b) During collision - c) After collision 


From the law of conservation of linear momentum, 

Momentum of the system before collision = Momentum of the system after collision 
mu, +m,U, =M,V, +M,V, > m,(u, —V,) =m,(v, —W,). —— (1) 

In case of elastic collision, kinetic energy is also conserved. 


Hence, K.E of the system before collision = K.E of the system after collision 


1 oak zA 2.1 a 2 2 2 2 l 
zM ram er he Hava > m, (u; -Vi)= m, (v3 —U,) 


Dividing equation (2) by (1), we get 


(2) 


uy avi 2 V3 -u 2 (u +v) -7,) _ 0 +U,) (V2 -u,) 
Mp V, Vee (u =v) (Vv, -u;) 
(3) 


Hence, relative velocity of approach before collision = relativevelaai i 
collision. ative velocity of separation after 


u, +V; =V, +U, > Uy -U, =V, -V; 


From equation (3), we get v, =u, —-U,+V, (4) 
Substituting equation (4) in equation (1), we get 


m,(u, — V,) =m,(u, - u; + V, —u,) > Mu, -M,V, = m,u, +mM,v, -2m,u, 


E 22 
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: = t m; =m, 2m, 
>v (m4 m,)=u,(m,-m,)+2m,u, =v, =| —=—— |u + —— Ju, ———-. (5) 
m; +m, m, +m, 


Again, from equation (3), we get v; = v, +u, =u; 
Substituting v, in equation (1), we get 
m,(u, =V; =u, +u) =m,(v, -u,) > 2m,u, —mM,u, =M, V; = M,V, - m,u, 


=> (m, +m, )v, = 2m,u, +(m, - m; Ju, 
m, =- m, 2m; 

>v =| a ju + —— lu, — 5) 
m, +m, m, +m, 


From equations (4) and (5), it is concluded that the final velocities of both the bodies 
depend on their initial velocities and masses. 


‘If the velocities of the objects involved in collision are along the same straight line before 
and after collision, then such collisions are known as one dimensional collisions’. 


Consider two smooth spheres that are non-rotating and moving along a straight line joining 


their centres. Let their masses be m, and m, . They undergo one dimensional elastic collision. 


Before collision, let their velocities be u, and u; . After collision, let their final velocities be 


v, and v, respectively. Assume that u, >u,. 


a) Before collision b) During collision c) After collision 


In elastic collision, both momentum and kinetic energy are conserved. 
From the law of conservation of linear momentum, 


momentum of the system before collision = momentum of the system after the collision 


a) 


m,u, +mM,U; = M;,V;, +M,V; => m, (u, —Vv,) = m, (V; —u;) 
From the law of conservation of K.E, ` 


K.E of the system before collision =K.E of the system after collision 


1 1 2 1 -_ 2 1 2 
smu ayes Roo ty MV2 =m, (u - vi) =m,(v; -u;) 


— (2) 
Dividing equation (2) by (1), we get 


UV. Ve HG _, +v), =V1) _ (V2 + U2) Cv, -u,) 
uV V2—U, . u-v) (Vv, -uU,) 


(3) 


u +V, =V, +U, > y -U =V, -V 


ence relative velocity of approach) (relative velocity of approach 
before collision “i l 


after collision 


h, h h/2 1 
e= —, h = — and h =h, e= — = —. 
i 2 i h v2 


my 
© 
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| SHORT ANSWER QUESTIONS @ MARKS) || 


A pump is required to lift 600 kg of water per minute from a well 25 m deep and to eject it 
q 


À 5 -1 _ Calculate the power requi 
with a speed of 50 ms Pe Mar 15, June 15, May 18; TS Mar 16, 19, 20; May 22 ; PROBLEM 


red to perform the above task ? 


, , 7 _ y 
Mass of water that has to be lifted is M = 600 kg, Height to be lifted, h=25m, g=10 ms“, 
Velocity of ejection =50 ms", time = 60 sec. 


Mgh + (1 /2)Mv? _600x10x25+(1/2)x600x50x50 -15000 W =15 KW. 


P P= 
ower, 60 


***THE END*** 
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|| LONG ANSWER QUESTIONS (8 MARKS) || 


Ol. State and prove the principle of conservation of angular momentum. Explain the principle 
of conservation of angular momentum with examples. AP Mar 08, 16 


Ans: Law of conservation of angular momentum: 


Statement: If there is no resultant external torque acting on a rotating system, then angular 
momentum of the system remains constant both in magnitude and direction. 


Proof: When a torque ‘qt’ acts ona rotating system, then its angular momentum ‘L is given by 


L 4 
T -=. If the resultant external torque ‘1’ is equal to zero then, 
dL . - 
—=0=> L= constant 
dt 


=> I@= constant > lo =I,0, 
Examples: 


i) Aman stands on a turn table with dumbbells in his stretched hands. The turn table is set 
into rotation at a constant angular velocity ‘œ’. 


a) If the man brings his hands closer to his body, moment of inertia decreases and angular 
velocity increases. ` ; 


b) If the man stretches his hands away from his body, moment of inertia increases and 
angular velocity decreases. 


1 
Here, L= constant. i.e, Io = constant (or) Oi 


ii) a) A ballet dancer decreases his angular velocity by increasing his moment of inertia by 
stretching his hands. (~ Iœ = constant) 


b) A ballet dancer increases his angular velocity by decreasing his moment of inertia by 
bringing his hands closer to the body. i 


iii) a) When a planet comes closer to the sun, its moment of inertia decreases and its angular 
velocity increases. (--I@= constant) 


b) When a planet moves away some distance from the sun its moment of inertia increases 
and its angular velocity decreases. . 


iv) For a helicopter, the rotor of the main propeller at the top starts rotating in one direction, 
then another propeller provided at its tail starts rotating in opposite direction. In this way 
the law of conservation of angular momentum is maintained. So, a helicopter is provided 
with two propellers. ; 
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© SYSTEMS OF PARTICLES & ROTATIONAL MOTION 


l SHORT ANSWER QUESTIONS (4 MARKS) il 


Distinguish between centre of mas 23 and centre of gravity. 
AP Mar 13, 14, 15, 16, 17, 18, June 15, May 17, 22; TS Mar 15, 16, May 17, ig 


Centre of gravity 


ten Centre of mass 
The centre of gravity of a body is the 
point, through which weight of the 
body always acts. 


1) The centre of mass of a body is the 
point, where the entire mass is 
supposed to be concentrated. 


e the nature of| It is defined to know the stability 
of the body. 


2) It is defined to describ 
motion of the body. 


3) It refers to the mass of the body. It refers to the weight of the body. 


4) In case of small and regular bodies, | In case of larger bodies, centre of 
centre of mass and centre of gravity | gravity will not coincide with 
will coincide. centre of mass 


5) It does not depend on acceleration 
due to gravity. 


Define angular acceleration and torque. Establish the relation between angular acceleration 
and torque. AP June 15, Mar 19; TS Mar 17, 18, 20, May 17, June 15 


Angular acceleration. (a) : The rate of change of angular velocity of a particle is called angular 


: A do - 
acceleration, i.e., a =—. 


dt 


It depends on acceleration due 
to gravity 


Torque (t): The rate of change of angular momentum is- called torque, qt a 


Relation between angular acceleration and torque: The rate of change of angular momentum A 
of a body is equal to the external torque acting on it..Consider a body rotating about a fixed 
axis passing through a point due to an external torque ocr 


According to Newton’s second law, t= A = ap [xu =Io] 


(6d) 
=I =la |v a=- rT 
ig dt a | a | A t=la 


` Define vector product. Explain the properties of a vector product with two rexonpien. 


AP Mar 15, 17, 20, May 17, 18, 22; TS Mar 15, 16, 17, May 16, 18 


Vector Product (or) Cross Product: The vector product of any two vectors is equal to the 
product of the magnitude of the two vectors and the sine of the angle between them and the 
resultant direction is always perpendicular to plane formed by the two vectors. 
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Ans: 


Vector product between two vectors p and Q can be expressed as PxQ=PQsinon=R. 
Where n is a unit vector normal to the plane formed by P and Q. 
The magnitude of È is given Dy R =PQsin0. 
Properties of vector product: 
i) Cross product of vectors does hot obey commutative law, 
PxQeQxP but Px: ~(QxP). 
ii) Cross product obeys distributive law over addition and subtraction. 
Px(Q-R) =(Px0)-(PxR), PKR) = (Px) 4+ PxR. 
iii) The cross product between two parallel vectors gives a null vector. 
PxQ=PQsinOn =0, when 0 =0° (or) 180° (or) |PxQ|=0. 
iv) The cross product between two mutually perpendicular vectors is maximum. 
From PxQ=PQsin@n, when 9 = 90° 
PxQ =PQî is the vector with maximum magnitude ‘PQ’. 
Examples: 
1) Angular momentum is the cross Product of position vector (F) and linear momentum (P) 


and is expressed as L=rxp. 


2) Torque is the cross product of position vector (f) and force (F). 
~" TH¥xF- 
Define angular velocity (œ). Derive y=rq. AP Mar 19, May 14; TS Mar 16, 17, 19, May 22 


Angular velocity: The rate of change of angular displacement of a particle is called angular 


velocity. i.e ee) 
y. i.e., Ae 


Relation between v and ©: Consider a particle moving on the circumference of a circle of 
radius ‘r’. At t=0 its position is at ‘A’. At any time ‘t’, let the angular displacement of the particle 
be ‘0’. If the particle is further displaced through an angle ‘§9’ in a further time interval ‘st’, 


he ed , . (50) dd : 
then the instantaneous angular velocity “œ’ at this instant of time w= Lim( =— — (Ù 


At this instant of time, the linear velocity of the particle is given by 


_ BC . rod = , 
v= Lim- = Lim F (arc length (BC) = radius x angle) 


From (1) & (2), V=ro. 


ay 
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06. Find the centre of mass of three particles at the vertices of an Ls nage triangle. The 
masses of the particles are 100 g. 150 g and 200 g respectively. Each side Bese equilateral 
triangle is 0.5 m long & TS Mar 18 

Ans: With the x and y axes chosen as shown in figure, the coordinates of points O, A and B forming 
: ely (0,0), (05,0) (0.25,0.25, V3). Let the masses 100 y, 


the equilateral triangle are respectiv : 
150 g and 200 g be located at O, A and B respectively. y 
B(0.25,0.25/3) 


\ 


then «oe 3X3 


m, +m, +M 


[100(0) + 150¢0.5) + 200(0.25) }gm 
(100+ 150+ 200)g 


150g 
A(0.5,0) 


_75+50_ 125 om 
450 450 18 ' (0,0) 


(0.25,0) 


(100(0) +150-+200(0.25V3)}gm _50V3__ V3 = +m 


450 g 450 9 3v3 | 
e figure. Note that it is not the geometric centre of the 


The centre of mass ‘C’ is shown in th 
triangle OAB. 


particle whose 


07. Find the torque of a force 71+3j-5k about the origin. The force acts on a 
| AP Mar 14 


position vector is j-j+k. 


Ans: Given ¥=i-j+k and F =7i+3j-5k 


i) ek 
Then torque t=rxF=|1 -1 1 = (5-3) -j(-5—7) + (3 -(-D) = 21 +12j+ 10k. 
T 25-0 


08. The moment of inertia of a flywheel making 300 revolutions per minute is 0.3 kg m’. Find the 
torque required to bring it to rest 20s. -© Mar 20 


2nn 27x 300 


= =10 nrads", 
t 60 


Ans: Initial angular velocity ©) = 


Final angular velocity, o=0 


palo = K299 DAD _OSNE L 0471 Nm: ; 


t 20 
|| VERY SHORT ANSWER QUESTIONS (2 MARKS) || 


09. Is it necessary that a mass aliouitl be present at the centre of mass of any system ? 
| AP Mar 11, May 11, 12, 14, 16; TS May 22 
Ans: No, it is not necessary that mass should be present at the centre of mass of any system. 
Eg: In case of a uniform ring or a bangle, there is no mass present at its centre. 
10. Why are spokes provided in a bicycle wheel’? May 14 


Ans: The spokes of cycle wheel increases its moment of inertia. The greater is the moment of inertia, 
the more is the opposition to any change in uniform rotational motion. As a result, cycle runs 
smoothly and steadily. 


apes = > — Oa 
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Ans: 


13. 


Ans: 


Wec ah ine 
cannot open or close the door by applying force at the hinges. Why ? 


AP May 16, TS May 22 


Opening or closing the door by applying the force is a turning effect or torque. We know 7=r~F, 


At the hinges, F=0 so 7=0, Hence, no turning effect. 


By spinning eggs on a table top, how will you distinguish a hard boiled egg from a raw egg ? 
AP Mar 13; TS May 22 


1 
t=la = constant, ao E 


Moment of inertia of raw egg is more than that of boiled egg. When the same torque is applied 


_ On both the eggs, boiled egg spins more faster than raw egg. 


Why is it easier to balance a bicycle in motion ? TS Mar 19 


The rotating wheels of a bicycle possesses angular momentum. In the’‘absence of external. 
torque neither the magnitude nor the direction of angular momentum change. The direction 
of angular momentum is along the axis of the wheel. So the bicycle does not get tilted. 


***THE END*** 
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Oscillations (moim ' 


i an O 
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QUESTIONS (8 MARKS) | 


and bence derive an 


|| LONG ANSWER 


01. a) Show that the motion of a simple pendulum is 
equation for its time period. What is seconds pene 


AP Mar 15, 16, 17, 20, May 17, June 15; 


-adius of a planet are doubled that of the earth. 
earth is ‘T’, then find the time period on the planet. 


AP Mar 20; UNSOLVED PROBLEM 


when its period of 


EE A E SORE Tae 


simple harmonic 
lulum ? 
TS Mar 15, 17, 18, 20, May 16,17 


jf the time period of 4 


b) The mass and r 
simple pendulum on the 


ndulum of length Im, 


ngth of a simple pe 
TS Mar 18; UNSOLVED PROBLEM 


c) Calculate the change in the le 


oscillation changes from 2s to 1.58. 
PR, 2 
=9.8 ms”) 


AP Mar 17, 18; TS Mar 17 


ure. Let ‘S’ be the point of 
librium position ‘O’, the 


d) Find the length of a simple pendulum which ticks seconds. (g 


Ans: a) Consider a simple pendulum with a bob of mass ‘m’ as shown in fig 
suspension and, 'g' be the length of the pendulum. At the equi 


tension T, in the string balance the weight ‘mg’ of the bob. 


mg 


mg mg sin®@ 


Suppose the bob is given a small an i | 

gular displacement ‘9’ and left free. Then he bob 

oscillates to and fro about the equilibrium position ‘O’. Let ‘P’ is a polit with one 
r 


displacement ‘9’ of the pendulum as shown in the figure (ZOSP = 0) 


Then the length of the arc, OP is given by OP =x=40 (or) 0= @ D 
> f l £ 


The force acting on the bob at point ‘P’ is given as 
i) The weight of the bob (W = mg) acts vertically downwards and 
if) The tension in the string (T =T,) along PS; 
Suppose the weight ‘mg’ is resolved into two rectangular components as shown i i 
1) mgcos@ along PM and i man 


2) mgsin6@ at right angle to PM along PN. 
oo e NAE S i 
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® OSCILLATIONS 
Balancing of forces at P: 


i) The component mgcos0 balances the tension T, ie, T, = mgcos0, 


ii) The component mgsin0 is the unbalanced force which acts towards the mean position 
along PN, 
The unbalancing force is called restoring force. 
` Restoring force F= —mg sing 


—mg sind 
ee 


= =-gsin0O —_ (2) 


when ‘@" is very small sind =@ and equation (2), becomes 


as a= -gy 
Using equation (1) in equation (2), we can write 


~ve sign indicates that ‘a’ and ‘x’ are in Opposite direction, since ‘g’ and ‘/’ are constants 
we have aa-x 1.€., acceleration is directly Proportional to the displacement and ‘a’ is 


directed towards the equilibrium Position ‘ʻO’. Hence, the oscillations are simple harmonic. 
The period of Oscillation of simple pendulum is given by 


T=2n [displacement ws 2n fZ (4): 
acceleration a ; 


From equation (3), 


T= 2z |£ 

g 
The time period is independent of the amplitude of oscillation as 
small such that the bob oscillates along a straight line. 
Seconds pendulum: The pendulum whose time period is two seconds is called seconds pendulum. 

b) Mass of planet M, = 2M,, Radius of planet R, =2R,. 

Time period of pendulum on earth =T. 
Time period on planet =T'=? _ 


GM G.2M_GM g, 


Be =z» Sp = Š 


vx 


£ 
F (taking magnitudes only) 


long as the amplitude is so 


CRY -2R? 2 


| 4 | 
a 2 "i on the earth; T'= 2r £. on the planet . 
e g : 


P 


r 


ES fe is (or) T'=V2T. 
T gp 


c) For seconds pendulum T, =2sec, Length £, =lm, 


New time period T, =1.5 sec, Length 4, =? 


AS Tx Ve. . 

Ti, E (3) L 9 ? 9 

== =M = ey a 

T Wz, oe 16 ee 


7 


“. Decrease in length A¢ = li- =] -2 =—m= 0.4375 m: 
l ' 16 : 


D 
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dl) 1) The time period of a simple pendulum, which ticks seconds is T =2s- 


Ans: 


© OSCILLATIONS 


2) We take g=9.8 ms? and r= 98. 


rz "y2 
Dp i G- 2 L fl 
3) Formula: T= 2n |4 = T =4r?= > L= B- ee 

g g Ar 


T? 98x2 98x4 im 


4) Length of the simple pendulum L= ae =a (9.8) = 


: ction of a particle 
a) Define simple harmonic motion. Show that the motion of (oin) S a pi le 
ate j > i o ye 
performing uniform circular motion, on any diameter, is simple harm 


AP May 14, 16; Mar 18, 19; TS June 15, Mar 16, 19, May 18, 19 


to beat 75 times in a minute. Calculate its frequency 
i i AP Mar 19 


b) On an average a human heart is found 
and period. ` 


©) A mass of 2 kg is a attached to spring of force constant 200 Nm’. Find = time period. 


TS Mar 19; ADD. PROBLEM 


a) Definition of SHM: A body is said to be in simple harmonic motion provided. 
i) The motion should be to and fro and is periodic about a fixed point. 


ii) The acceleration should always be directed towards the mean position and is always 
directly proportional to the displacement from the mean position. 


iii) Acceleration and displacement are always in opposite direction. 


Consider a particle ‘P’ moving on a circle of radius ‘A’ with uniform angular speed ‘œ’ in 
anti clock wise direction. As the particle moves on the circumference of circle, its 
projection ‘M’ moves on the diameter xx’ to and fro about centre ‘O’. Suppose the 
particle starts from position ‘X’. After time ‘t’, the position vector of the particle covers 
an angle of ‘œt’ with +ve x-axis as shown in figure. During this time, the projection ‘M’ 
of the position vector of the particle on x-axis covers a displacement ‘x’. 


~. From triangle OMP, we have coset =5 


(1) 


=>x=Acosot 


Reference cycle 


rea. 
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The magnitude of acceleration of projection ‘M’ is equal to the component of centripetal 
acceleration of the particle, parallel to the diameter xy’. 


A =A, COsm@t — (2) 


au = Aw coset — [ centripetal acceleration a, = Aa | 


From the figure, acceleration of the 


projection ‘M’ is opposite to the direction of its 
displacement ‘x’, 


ien ay =-Aw cost — (3) 
ay =-@'X [xX =Acoset] 


aya =x — (4) 


From this equation, w 


e conclude that in uniform circular motion the projection of a 
particle on any diamet 


er is in simple harmonic motion. 


b) The beat frequency of heart =75 /l min =75/60 =1.25 Hz. 
Time period T = 1/1.25=05S. 


c) Given that m=2 kg, Spring of force constant (kK) = 200 Nm” 


m 2 1l 
Time period T =2n, fe =2n, Pr = 2x 3.14x = 0.6285. 


° 


***THE END*** 
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Gravitation oone: 


I SHORT ANSWER QUESTIONS (4 MARKS) | 
What is escape velocity ? Obtain an expression for it. 

AP Mar 15, 18, 19, May 16, 17; TS Mar 16, 19, May 22 
ith which a body is to be projected, so that it escapes 
pe velocity on the planet. 


e of a planet of mass ‘M' and 


Escape velocity: The minimum velocity W 
from the gravitational field of a planet is called its esca 


Expression: Consider a body of mass ‘m’ (at rest) on the surfac 
radius ‘R’. 
' to overcome the gravitational field 


Suppose the body is thrown with minimum velocity ‘v, 


where the total energy of the body is zero. 


Work done to carry the body over the surface of a planet to infinity. 
GMm 
W) =——- 
me R 


If this work done is equal to kinetic energy provided to the body on the surface of the planet, it 


is escaped over the gravitational field of the planet. 
1, GMm _ v? GM 2GM 
mv} = CU >> = (or) Ve = R 


But, gR? =GM. We get v, = /2gR 


Ve = Jv, (Vo = VaR) 


i.e., escape velocity of a body is J2 times of its orbital velocity. 


The escape velocity v, =11.2 km / sec , to escape body form surface of earth. 
What is orbital velocity ? Obtain an expression for it. Mar & May 14; AP Mar 17, May 18 
: ; : 


The speed of a satellite in its orbit is called orbital velocity (or) the minimum velocity required 
for a body in order to revolve around a planet in circular orbital is known as orbital velocity. 


Expression: Consider the earth of mass ‘M’ and radius ‘R’. Suppose a satellite of mass ‘m’ is 
revolving around the earth at a height ‘h’ from the surface of the earth 


GMm 


“. Gra vitational force of attraction between the earth and the satellite F 
ae (R i h)? ` 
Centrifugal force on the satellite F. = 0 where v, i 
A at 1 itz a 
l c (R h) o IS orbital velocity. 


Here, the necessary centripetal force acting on the satellite is ; 
: ‘ > is provided b sees 
force of attraction by the earth on the satellite. y the gravitational 


_ ee F 


g 
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®© GRAVITATION 
Le amy, GMm nee GM [GM 
(R +h) (Raq) © (Rah) Ve VOR h) 


aN I: mv, 
“SQ A E (Rh) 


GMm 
(R i hy 


] 2 Se > 
f the satellite is in an orbit close to the earth surface, then the radius of the orbit is approximately 
equal to the radius of the earth. 


ka 5- [$ - VaR ( a 


The orbital velocity v} =7.92 km/sec. 


What is a geostationary satellite? State its uses. 
AP June 15, Mar 16, 20, May 22; TS Mar 15, 18, May 16, 18, 22 June 15 


The artificial satellite whose time period of revolution is equal to the time period of rotation of 
the earth is called geostationary satellite. This satellite appears at rest with respect to the 
earth. The period of revolution of a geostationary satellite is 24 hours. It rotates from west to 
east in equatorial plane of the earth. 


Uses: Geostationary satellites are used 

1) to study the upper layers of the atmosphere. 
2) in the weather forecast. 

3) to know the shape and size of the earth. 


4) to identify the minerals and natural resources present inside and on the surface of the 
earth. 


5) to transmit TV programmes to distant places. 
State Kepler’s laws of planetary motion ? TS Mar 17, 20 
Kepler proposed three laws to describe the motion of planets round the sun. 


1) Law of orbits: All planets revolve around the sun in elliptical orbits with the sun at one of the 
foci of the ellipse. 


<_——— o 
2a 


As shown in figure sun may be at F, or F,. Here ‘a’ and ‘b’ are equal to lengths of semi major 
axis and semi minor axis respectively. 


oe 35 ee 


© GRAVITATION 
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ER PHYSICS © yeas in equal intervals 
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Ans: 


gravitational constant (G). 


The li eweeps out equal are 
2) Law of areas: The line joining a planet to the sun sweePs ° Iais 


Za), 


es 


— 
= 


AAs* a 


2 > jin the same duration of 
if a planet moves from P, to P, oF from P, to P, 


|. From this law, it can be obse 
and faster when they are ne 


As shown in figure 
areas AA, and AA, are equa 
e farther from the sun 


erved that planets 
time, then the arto the mit 


move slower when they are 


dA Jarit 
Here areal velocity ar = constant. 


iod of revolution of a planet around the sun is 


3) Law of periods: The square of the time per 
major axis of the elliptical path. i.e., T xa? 


directly proportional to the cube of the semi 


where ‘T’ is time period of revolution of planet and ‘a’ is the length of the semi major axis. 


to gravity (g) at the surface of a planet and , 


; i ; d 
Derive the relation between acceleration due AP May 12 


e earth. Consider the earth as a perfect 


Consider a body of mass ‘m’ placed on the surface of th 
is concentrated at its centre. 


sphere of radius ‘R’. Suppose the mass of the earth ‘M’ 


According to Newton’s universal law of gravitation, the force of attraction on the earth by the 


GMm 


body F=—— E 


According to Newton’s third law, the earth Alradis the body with equal force in opposite 
direction called as weight of the body. 


i.e., W=mg where ‘g’ is the acceleration due to gravity. 


But, these two form action-reaction pair. 


ak * THE END** * 
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» 
LAQ ©) -0% 8 = 0M 
SAQ (I) -1x42 4M 
VSAQ(N)- 0 x 250M 


Total Marka = 4M 


| SHORT ANSWER QUESTIONS MARKS) | 


Describe the behaviour of a wire 


under, gradually Increasing load, 
AP Mar 15, 16, 17, 18, 20, May 16; TS Mar 15, 17, 18, 20, May 16, 17, 22; June 15 


To study the behaviour of a metal Wire under increasing load, a met 


rigid support and loaded at the other end. If the 


some elongation, If a graph is plotted betwe 
Manis, the shape of the graph v 


al wire is suspended to a 
load is gradually increased, it breaks after 


en the stress on y-axis and the Strain on the 
aries from metal to metal. 

Proportionality limit (A): It is the maximum stress applied on the wire 
directly proportional to strain 


upto which stress is 
and Hooke's law is obeyed upto ‘A’. So 


‘OA is a straight line. 


X 
Strain —- 


Elastic limit (B): If stress is increased beyond 
elastic nature of the wire exists up to the poin 
its original size and shape. The point 
starts so ‘B’ is called yield point. 


Permanent set (C): If the wire is loaded beyond the elastic limit 
permanently. This behaviour of the wire is shown by the dashed 


x-axis at O' and QO’ is called permanent set. 


Ultimate tensile strength (D): Beyond the point ‘C’, strain increases rapidly even for a small 
increase in the stress. The strain increases continuously till the wire reaches a point ‘D’. The 
stress corresponding to ‘D’ is called ultimate tensile strength of the material. 


Breaking point (E): Beyond the point ‘D’, additional strain is produced even applied force is 


reduced and the thinning of the wire is no longer uniform. At ʻE’ the wire ultimately breaks and 
‘E’ is called breaking point. 


‘A’, the wire does not obey Hooke's law. But still 
t ‘B’. When the load is removed the wire regains 
‘B’ in the curve is called elastic limit. Then after yield 


‘B’, the wire gets stretched 
Straight line which cuts the 


Define strain energy and derive the equation for the same. Mar & May 14; TS May 18, Mar 19 
(or) Explain the concept of elastic potential energy in a stretched wire and hence obtain the 
expression for it. AP May 17, 18, June 15 
Strain energy: The energy stored in a body due to its deformation is called ‘strain energy’. 
Expression for strain energy: Consider a thin uniform wire of length ¢ and area of corss 
section A fixed at one end. Let ‘F’ be the force acting on the free end of a wire. 


Workdone to produce a small extension ‘de’ is dW =F de 


; é e (YAe a. pa YAE 
Workdone to produce a total extension ʻe’ is W= [dw = [Fde = | -7 aa 
0 0 0 


YAe’. YAee 1 


=o SS m e E u 


Fe. This j : , 
f 2 , 2 9 This is stored as strain energy. 


s O -—_—____—_——_- 


MECHANICAL PROPERTIES OF SOLIDS 


a 


Jet. INTER PHYSICS © 


. Strain energy = Fe 


re a AF 
arain energy FFE g Volume of wire = Al) 
Strain energy per writ wohirne = ON ET 


v Stral 
Strain energy pert uni! volume = 5 v SAT ERS» Aran 


Potent # ratio 
betty, rean, atradni and 
G Defor emoy of ehaeticity he ralio of stress imit 


Ame Modulus of elasticity: Within the elastic limit, t 
modulus of elasticity 


rain in a body ts called 


stress 
strain 

Streax: The restoring force developed per unit area of cross-section ot the deformed hody is 

called stress. 


Modulus of elasticity, E = 


r restoring force F 
Stress = ——————— =a. 
area A 


Strain: The ratio of change in dimension to the original dimension of a body is called strain. 


change in dimension 

original dimension 
Poisson's ratio: The ratio of lateral contractional strain to the longitudinal elong 
in a stretched wire is called Poisson's ratio. 


Strain = 
ational strain 


~Ad 
Lateral contractional strain = n , longitudinal elongation strain = L 
c 


t A lateral contractional strain -Ad/d 
Poisson's ration, 6 = = —————$=—$$————$ E 
longitudinal elongational strain e/L 


Define Young's modulus, bulk modulus and rigidity modulus. 

1) Young's modulus (Y): Within elastic limit, the ratio of longitudinal stress to longitudinal 
strain is called Young's modulus. 

longitudinal stress _ _F F/A 

longitudinal strain e/Z` 


pe 


Young's modulus (Y) = 


2) Bulk modulus (K): Within elastic limit, the ratio of volume stress to volume strain is called 
bulk modulus. 


-, _ volume stress _ P 
Bulk modulus (K) = volume strain —(AV/ V); 
Here, -ve sign shows that with increase in pressure, the volume decreases, 
3) Rigidity modulus (n): Within elastic limit, the ratio of tangential stress to tongenria: strain 
is called rigidity modulus (n). 


tangential stress _F/A A 


Rigidity modulus () = tangential strain  @ 


Define stress and explain types of stress. AP Mar 19; TS Mar 16 
Stress: The restoring force developed per unit area of cross-section of tk 
called as stress. of the deformed body is 


E 


Stress = ay force | 
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It is of three types: 
D Longitudinal Stress, 2) Volume stress, 3) Shearing stress, 


T surface r , ` area of cross-section 
D Longitudinal stress: The normal force to the surface applied per unit area o 
of the body to change its length is called longitudinal stress. 
f .. _ restoring force 
Longitudinal stress m, 
area 
2) Volume stress (or) Bulk stress: 


The normal force to the surface applied per unit area on a 
body change its volume is calle 


d volume stress. 


normal force Soe ete ct 

Volume stress = Pressure Se eens it is also called hydraulic stress. 
area 

3) Shearing stress (or) Tangential stress: 


The restoring force per unit area developed due to 
the applied tangential force is known a 


s tangential (or) shearing stress. 
Shearing stress = tangential restoring force 
area 


Define strain and explain the types of strain. ees os 


Strain: The ratio of change in dimension to the original dimension of a body is called strain. 


. _ Change in dimension 
Strain = ——+ - - 
original dimension ° 


It is of 3 types: 1) Longitudinal strain, 2) Volume strain, 3) Shearing strain. 


1) Longitudinal strain: The ratio of change in length due longitudinal force to original length 
of the body is called longitudinal strain. 


l j AL 
Longitudinal strain = Change in length == (or) L: 
original length L 


2) Volume strain (or) Bulk strain: The ratio of change in volume due to normal force to original 
volume of the body is called volume strain. 


Volume Steaks change in volume _—AV 
olum = l 


original volume V 


r İv ween. two layers due to tangential 

i : T ti f relative displacement bet t 

3) i hearing strain: ae pe ; i : i f ! £ us 
orce to the perpendicular distance between the ayers ofa body s called shear ng strain 


relative displacement between two layers _ Ax a, 


Ta stele perpendicular distance between the layers L 


***THE END*** 
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Properties of Fluids 4 


ESTIONS (2 MARKS) || 


I| VERY SHORT ANSWER QU 


TS Mar 19 


What is hydrostatic paradox ? 
olumn depends only on 


d by aliquid c 
ssure exerted by a 1q g vessel. The result js 


Definition: Pascal demonstrated that the pre d c 
the shape of the containin 


the height of the liquid column and not on 
hydrostatic paradox. 


A B C 


Example: Consider three vessels A, B and C of different shapes. They are connected at the 
he level in the three vessels is same though 


bottom by a horizontal pipe. On filling with water t : 
they hold different amount of water. This is because water at the bottom has the same pressure 


below each section of the vessel. 
scalar (or) vector? 


Define average pressure. Mention its units and dimensional formula. Is ita 
j AP Mar 17, 20, 22 
Average pressure is defined as the normal force acting per unit area. 


force 
area 


avg — 


SI Unit: Nm”? (or) Pascal. 
It is a scalar. Dimensional formula: ML'T®. 
Define viscosity. What are its units and dimensions ? AP Mar 12, May 16; TS June 15, May 18 
The property of a fluid which opposes the relative motion beiween thè layers in contact is 


called viscosity. : 


The SI unit of coefficient of viscosity is pascal S (Pa.S) (or) kg aie (or) N-s /m?. 
Dimensional formula: [M'L'T”"]. ; | 
What is the principle behind the carburetor of an automobile ? 

AP Mar 15, 19, June 15; TS Mar 17, 18 


The carburetor of an automobile works on Bernoulli’s principle. It has a nozzle in which air 
flows with large speed. So the pressure is lowered at the nozzle and petrol flows from the — 
chamber to nozzle at low pressure and provides correct mixture of air to fuel for combustion 


What is magnus effect ? AP Mar 15, May 17, 18; TS Mar 16, 19, May 22 


When the ball is spinning and moving in the air, it experi 
; ; > periences an ; 
lift. This dynamic lift due-to spinning is called ‘magnus effect’ Pu A ce called dynamis 
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09. 


Ans: 


10. 


Ans: 
1i: 


Ans: 


t2 


Ans: 


Why drops and bubbles are spherical 7AP Mar 16, 17, 18, May 16, 17, 18; TS May 16, 17, 18, 22 


Du i ee 
€ to surface tension, the free surface of liquids tend to contract to have minimum surface 


ar ; ; 
€a. For a given volume, sphere possesses minimum surface area. Hence drops and bubbles 
are spherical, 


Give the expression for excess pressure in a liquid drop. TS Mar 17 


Excess pressure in a liquid drop eo). 
r 


where T =surface tension of the liquid, r= radius of the drop. 


Give the expression for excess Pressure in an air bubble inside the liquid. 


AP Mar 19; TS Mar 20 


Excess pressure in an air bubble inside the liquid drop eel (Just below the surface) , 
r 


where T = surface tension of the liquid, r= radius of the drop. 


Give the expression for the excess pressure in a soap bubble in air. TS Mar 16, May 22 


A soap bubble has two free surfaces, so excess pressure in a soap bubble in air set et s 


Tr r r 


> 


where T = surface tension of the liquid, r= radius of the drop. 


What are water proofing agents and water wetting agents ? What do they do? AP Mar 20 
Water proofing agents increase the angle of contact. Eg: Wax. 


Water wetting agents reduces the angle of contact. Eg: Soaps, detergents. 


What is angle of contact ? What are its values for pure water and mercury ? 
AP May 14, Mar 16; TS Mar 20 


The angle between the tangent to the liquid surface and the solid surface, at the point of 
contact, inside the liquid is known as angle of contact. 


Glass plate Glass plate 


Its value for pure water is 0°. 
Its value for pure mercury is 140°. 


lf the diameter of a soap bubble is 10 mm and its surface tension is 0.04 Nm™~', then find the 
excess pressure inside the bubble. AP Mar 14, 18, June 15; TS Mar 15, 18, May 16 PROBLEM 


Given, diameter =10 mm, radius =5mm =5x10° m, surface tension T =0.04 Nm” 


Excess pressure in a bubble P= ae = ——~ = 32 Nm 
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eorem and justify them ? 


Mention any two examples that obey Bernoulli's th 
| i AP Mar 18; TS Mar 15 


: i é i sro the velocity of a fluid is 

According to Bernoulli's theorem, pressure is more at a point where the V 

less and vice versa. 
: r . © Js S e 

ng and moving in air, its rough surface drags som i 

all increases and pressure 

face of the ball decreases 


periences dynamic 


Eg-1: Magnus effect: When the ball is spinni 
air around it then the resultant velocity on the top surface of the b 
decreases (falls). Similarly, the resultant velocity of the bottom sur 
and pressure increases. This creates pressure difference, due to this ball ex 


lift upwards. 
Eg-2: Dynamic lift on an air craft wing: when air craft is moving on the runway, the wind flows 
with high speed on the top of the wings than at the bottom. This creates less pressure at the 
top and maximum pressure at the bottom of the wing. Due to this pressure difference, the 


aircraft experiences dynamic lift upwards. 


Assume that it does not change 


The density of the atmosphere at sea level is 1.29 kg/m’. 
EXAMPLE PROBLEM 


with altitude. Then, how high would the atmosphere extend ? 
1.01x 10° =hx1.29x9.8 = 7989 m = 8 km (approx). 


Atm pressure =hpg > 
f diameter .0.6 cm against the surface 


Calculate the work done in blowing a soap bubble o | 
! i PROBLEM 


tension (surface tension of soap solution = 2.5x107 Nm™’). . 
Given, diameter =0.6 cm, radius =0.3 cm =3x 10° m 


Work done in blowing a soap bubble = 8xr°T 


=8x3.14x(3x107) x2.5x10° =8x3.14x9x10° x2.5x107 = 5.65x10°J. 


+x *THE END*** 


LAQ (0) -0x8=0M 
SAQ (I) -1x4=4M 
VSAQ(Z) -2 x 2 = 4M 


Thermal Properties 
of Matter 
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|| SHORT ANSWER QUESTIONS (4 MARKS) || 


Pore 


0I. In what way does the anomalous behaviour of water advantageous to aquatic animals ? 
Mar & May 14; AP Mar 17, 18; TS May 18, 22 


Ans: All the liquids expand on heating from 0°C to 4°C. So, density decreases from 90°C to 4°C. 
Whereas water contracts on heating from 0°C to 4°C and expands thereafter. This peculiar 
behaviour is called anomalous behaviour of water. 


Ice (0°C) 


So density of water increases from 0°C to 4°C and decreases thereafter. So water has maximum. 
density at 4°C. l 


Significance: 


Dhd oD) 
B fears £ 
T E 
© 
z > 
Vmax 
0 4°C temperature (°C) 0 4°C temperature (°C) 


i) In cold countries, during winter the temperature of atmosphere above water lakes and 
ponds decreases much below (°C. 

ii) Due to this, the top most layers of water in ponds gets cooled and becomes denser and they 
sink to the bottom. i 

iii) At the same time water at the bottom which is at relatively high temperäture becomes lighter 
and goes up. This process continues till the entire water in lake gets 4°C. 


iv) After 4°C, if the water at the top is further cooled, then it will not go down due to anomalous 
expansion of water. This process continues until the top layer of water gets 0°C. 


v) When water at the top of the lake attains 0°C, it becomes ice and forms a layer at the top. 


But the water inside the lake will be at 4°C, and hence there will be enough water at the 
bottom of the lake. Hence the aquatic animals like frogs, fishes can survive even in severe 


winter also, 


: *@ — 
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slow in summer, Why ? TS Mar 17, 19 


Pendulum clocks generally go fast in winter and 
| pendulum 
i i ( wolf! ty yio th of the per 
The time period of a pendulum is given by T = anj where ‘t'is thi leng 
K 
‘g'is constant) 


and ‘g’ is acceleration due to gravity. At the same place ( 
fa At (or) 


' ài -tari : une a nrcor g Lo Al 
Tæve. The length of the pendulum changes with temperature ace ording 


vs, When time period 


Af oc At. 
times. 


i) In summer, length of pendulum incre 
increases it goes slow and it makes less number of oscill 


iD In winter, length of pendulum decreases and time period 
decreases, it goes fast and it makes more number of oscill 
AP Mar 10, 13, 16, May 11, June 10 


rature at which all three states of matter (solid, 


ases and time period also increase 
ations per day. So il loses 
n time period 


also decreases. Whe 
ains time, 


ations per day. So it § 


Write a short notes on triple point of water. 


Triple point: The standard pressure and tempe 
liquid and vapor) coexist is known as triple point of water. 
273.16 K ) or (0.006 atm, 0,01°C). 


For water, triple points are (P,T) = (4.58 mm of Hg, 
raph is drawn between pressure and temperature as 


To study the change of states of water, a g 
shown in phasor diagram. 
There are three curves in the phase diagram. 


v 

5 A 

; 2) 

= @ 
AS 

on 

x old oS 

E ; 

£ 4 ., 

= : Gas (vapour) 

5 |. : 

ws 


0 273.16 K . Temperature 


1) Ice line (PB): At all the points on this curve, ice and water are in equilibrium. It has negative 
slope. It means as pressure increases, melting point of ice decreases. 

2) Steam line (PA): At all the points on this curve, water and steam are in equilibrium. It has 
positive slope. It means as pressure increases, boiling point of water also increases. 


3) Sublimation line (PC): At all the points on this curve, ice and steam are in equilibrium. It 
has positive slope. It means as pressure increases, sublimation point of water also increases. 


The intersection of these three curves is triple point. 


Explain conduction, convection and radiation with examples. 
AP Mar 15, 19, 20, May 16; TS Mar 15, 16, 18, 20, June 15 


Conduction: The process of transfer of heat energy through a medium without any actual 
movement of the particles (molecules or atoms) of the medium is called conduction. 

Here transfer of heat energy takes place due to collisions between the particles. 

Eg: In all solids and in mercury, heat flows by the method of conduction. 

Convection: The process of transfer of heat energy through a medium with actual movement 
of the particles (molecules or atoms) of the medium is called convection. 
Eg: In all fluids (liquids and gases), heat flows by the method of convection. See breezes and 


trade winds are the examples. 
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Radiation The process 


tol transfer oF heat from one place to another even without the presence 
OF AY medium in called radiation, 


Eg: Barth recoives heat from the sun. The lie 


al from a hot oven is received by a person at some 
distanco 


Explain Celsius and Fahronhelt acnles of te 


mperature, Obtain the relation between Celsius 
and Pahrenhelt scales of tempe 


rature, TS May 22 


Of Ltomperature: In Celsius scale, the lower fixed point (L.F.P) is the 
fee polnt having the value OPC and the uppe 


r fixed point (UEP) is the steam point having the 
value 100°C. The interval between these Iwo points (100°C -0°C = 100°C) is divided into 100 


Celatus (Centigrade) seale 


equal parts, and each part is Pec, 
Pahrenheit scale of temperature: In F 
point having the value 3P 
value 212R. The 


ahrenhelt scale, the lower fixed point (L.F.P) is the ice 
and the upper fixed point (UEP) is the steam point having the 
interval between these two points (212°F — 32°77 = 180°F) is divided into 180 
equal parts, so each part is pop, 

Between melting point of ice and boiling point of water, 


LOO units on Celsius scale = 180 units on Fahrenheit scale. 


ta reading — LFP 
For any scale of temperature, SAUNE- LFI 


~ ——— = Constant, 
UEP -LEP 


To compare readings on Celsius and Fahrenheit scales, 


C-0 F-32 C F-32 5 
=> S=— Cg 
100 180 5G gente) 


Where ‘F and ‘C’ are the readings on Fahrenheit scale and Celsius Scale, 


|| VERY SHORT ANSWER QUESTIONS (@ MARKS)| 


Distinguish between heat and temperature. TS Mar 15, 20 
Heat is a form of energy that is transferred from a body at high temperature to a body at low 
temperature. 

It is a scalar and its SI unit is joule (J). 

Temperature is a fundamental physical quantity which defines the thermal 
It is the degree of hotness or coldness of the body. 

It is a scalar and its SI unit is Kelvin, 5 


Heat is a cause and Temperature is the effect. 


state of a body. 


Why gaps are left between rails on a railway track ? 


AP June 15, Mar 16, 17, 19, May 16, 22; TS Mar 19 


In the construction of railway track, a small gap is to be left between successive rails to allow 


linear expansion during summer, 


What are the lower and upper fixed points in Celsius and Fahrenheit scales ? 


May 14; AP Mar 16, 18, 19; TS Mar 16 
and upper fixed point is 100°C. 
In Fahrenheit scale, lower fixed point is 32°F and upper fixed point is 212 . 


In Celsius scale, lower fixed point is gec 


Can a substance contract on heating ? Give an example. 


AP Mar 16, 18, May 16; TS May 16, 18 
Yes, some substances contract on heating. 


Example: Indian rubber, type metal, cast iron, pure water from 0°C to 4°C. 


1 AE O O L O E. 


r> 
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10. What is latent heat of fusion ? oa wks oe: 
nee of a substance from solid state to liquid 
Ans: The amount of heat required to convert unit mass aia 
state at constant temperature is called latent heat of fusion. 
; and 'L''is Latent heat of the substance. 
Q=mL, where ‘m’ is mass of the substance and b te ue ~ 
PE 6 l 
Eg: Latent heat of fusion of ice is 80 calg” (or) 0.336x10 Jkg r 
; P Mar 13 
11. What is latent heat of vaporisation ? iaGd-weats : 
Ans: The amount of heat required to convert unit mass of a pupetauee eel oe ` O gaseous 
state at Q=mL, where ‘m’ is mass of the substance and ‘L’ is latent heat 0 substance, 
- 6 -1 
Eg: Latent heat of vaporisation of water is 540 cal g ' (or) 2.26x10° Jkg - 
12. What is specific gas constant ? Is it same for all gases ? 
Ans: i) Specific gas constant is the gas constant for 1 gram of a gas. It varies from gas to gas. It 
depends on mass and nature of the gas. 
PV > R 
Ae ro (or) re 
ii) No, ‘r’ is not same for all gases because molecular weight (M) is different for different gases. 
13. What are the units and dimensions of specific gas constant ? l AP Mar 14 
ve R 
Ans: Specific gas constant rear 
Its S.I unit is Jkg"K~. Its Dimensional formula is [M°UT?K™]. 
14. Why utensils are coated black ? Why the bottom of the utensils are made of copper ? 
l ' TS Mar 18 
Ans: i) Black colour is a good absorber and good emitter of heat. In order to absorb more heat 
energy, the outside of the utensils are coated black. : 
ii) The bottom of the utensils are made of copper because copper is a good conductor of heat. 
Copper conducts the distribution of heat at the bottom of a vessel for uniform cooking. 
15- --State Wien’s displacement law ? i AP Mar 17; TS Mar 20 
Ans: According to Wien’s Displacement law, the wave length corresponding to maximum intensity 
of radiation emitted by a black body is inversely proportional to its absolute temperature. 
i.e., Am ei (or) 4,,T =b, where ‘b’ is Wien’s constant. Its value is 2.9x10° mK. 
16. Ventilators are provided in rooms just below the roof. Why ? ` AP Mar 14, 20 
Ans: When the air in the room gets heated then its density decreases, hence the hot air rises up to 
ded due to convection of heat. This hot air escapes through the ventilators placed just 
elow the roof. 
17. Define emissive power and emissivity. 
Ans: 


ka a 


i) The energy radiated by a body per unit time per unit surface area at a given wave length 
range and at given temperature is called emissive power of the body. 


ii) The ratio of the emissive power of a body to that of a black body at the same temperature is 
called emissivity. 


pen aa | è A P 
© e Where e, is emissive power of the black body. 
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AP Mar 15; TS Mar 16, May 16 


n earth receives sunlight, it gets heated up and emits infrared 
radiation into air, But this radi 


What is greenhouse effect ? Explain global warming. 


i) Green house effect: Whe 


ation is absorbed by green house gases (CO,,CH,, N,O, O, 

etc) present in the air, Then heat is reradiated in from green house gases in all directions. As 
part of this reradiated rays travelled back towards the earth surface and lower atmosphere, 
So, earth's surface and atmosphere gets heated. This is called green house effect. 

iD Global warming: Global Warming is define 
the atmosphere near the earth's surface 
climate patterns, 


d as an average increase in the temperature of 
and in the troposphere. It leads to changes in global 


“fine absorptiv er of : W 
19. Define absorptive power of a body. What is the absorptive power of a perfect black body ? 


May 14 
rgy absorbed per unit time by unit surface area of the body, to the 
nit time on unit surface area is called absorptive power (a, ) of the 


\ns: The ratio of the radiant ene 


total energy incident peru 
body. 


Absorptive power of a perfectly black body (a 
20. State Newton’s law of cooling. 


x) is equal to 1. 


; AP June 15, Mar 20, May 17, 18; TS Mar 18, May 16 
Ans: Newton's law of cooling: The rate of loss of hea 


À t of a hot body is directly proportional to 
difference of temperature of the body and its sur 


roundings. 


: =d 
i.e., =S < (8~0,) here, dQ =msd@ (6 a42) 


= ms = =-K(0-0,) where ‘K’ is proportionality constant (or) x (0-0, ) 
i.e., the rate of cooling is directly proportional to the temperature difference between the body 
and the surroundings. 
21. State the condition under which Newton's law of cooling is applicable. 
Ans: Newton’s law of cooiing is applicable, when 
i) temperature of the body is uniformly distributed over it. 
ii) temperature differences are moderate. 
iii) loss of heat is negligible by conductor. 
iv) loss of the heat occurs in a streamlined flow of air, i.e., forced convection. 
22. The roof of buildings are often painted white during summer. Why? 
l AP May 16; TS Mar 15, 17 


Ans: White paint is a good reflector of heat and is a bad absorber of heat. So when white paint is 
coated on the roof, the buildings are kept cool. 


23. What is the temperature for which the readings on Kelvin and Fahrenheit scales are same ? 
i f PROBLEM 
Ans: Given, F=K=x 


K-273 F-32  x-273 x-32 


100 180 ` 100 180 Na 
= 9(x - 273) = 5(x - 32) = 9x -273 x9 = 5x -32x 5 = 9x —5x = 2457-160 => 4x = 2297 


_ 2297 
4 


Sx = 574.25°. 


-@- 
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its length is to be increased by 1%. 
15, May 22; PROBLEM 
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i 
24. Find the increase In temperature of aluminium rod if 


(a for aluminium = 25x 10° /°C) AP Mar 15, June 


Ans: Given, initial length of the rod ¢, = 100 units , Final length of the rod ¢, =101 units 


Coefficient of linear expansion of aluminium is a = 25x lo °C 


Increase in temperature (t, -t,) =? 


(= 4) hal l 1 10% 100x100 
E E E p E a E E -ia 
£,(t, -t,) C 2 1) act,) 25x 10° x 100 25x 10 -4 25 = 5 = 400 C, 

25. Why is it easier to perform the skating on the snow ? TS Mar 16 


‘ans: At the time of skating, pressure increases and melting point of ice decreases so that ice melts. 
The skater skates easily. 


26. Why do liquids have no linear and areal expansions ? TS Mar 19 


Ans: Liquids have no shape on their own. They attain the shape of the container. Liquids are not 
measured in length wise and area wise so liquids have no linear and areal expansions. 


27.. If the maximum intensity of radiation for a black body is found at 1.45 ym, then what is the 


temperature of a radiating body (Wiens constant = 2.910 7 mK). TS Mar 19 
Ans: Anax =1.45 um = 1.45x10%m- 


Wiens constant b=2.9x107 mK 


-3 
Ama T =b (constant) => T => = =~ = 2000K. 


***THE END*** 
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|| LONG ANSWER QUESTIONS (8 MARKS) || 


Explain reversible and irreversible processes. Describe the working of Carnot engine. 
Obtain an expression for the efficiency. 


Mar 14; AP Mar 16, 17, 18, 20, May 16, 17, 18; TS Mar 15, 17, 19, May 17 


A refrigerator is to maintain eatables kept inside at 9°C. If room temperature is 36°C, 
then calculate the coefficient of performance. AP Mar 20 


Reversible process: A process that can be retraced back in the opposite direction in such 
a way that system passes through the same states as in direct process and finally the system 
and the surroundings return to their original states is called a reversible process. 


A process is reversible only if it is a quasi-state and there is no loss of energy. 
Eg: Melting of ice and vapourisation of water, 


Irreversible process: A Process that cannot be retraced back in the opposite direction is 
called an irreversible process. 


All the spontaneous natural processes are irreversible. 
Eg: Free expansion of a gas and work done against friction. 


Carnot’s engine: A reversible heat engine operating between two different temperatures is 
called a Carnot engine. = taka l 


It consists of a source at high temperature, working substance, insulating stand and a sink 
at low temperature. 


Carnot engine undergoes following processes: - 


Pressure (P) 


Volume (V) 


I Isothermal expansion: The system containing “n” moles of an ideal gas is placed on 
the soared and the gas is allowed to expand slowly at constant temperature T, by 
absorbing heat Q,. This isothermal expansion is represented by the curve (a) in the 
indicator diagram. 
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Isothermal expansion of the g 
as Q, from the source is e 


as changes Its state from (P,,V,,T,) to (P,,V,,T,). The 


heat absorbed by theg qual to the work done by the gas and 


sf Ne poet) 
is given by W, =Q, = nRT,é ary, 

1 
ii) Adiabatic expansion: The system is then placed on the non conducting stand and the 


gas is allowed to expand adiabatically till the temperature falls from T, to T,. This 


adiabatic expansion is represented by the curve (b). 


Adiabatic expansion of the gas changes its state from (P,,V,,T,) to (P3,V3.T2)- The 


(2) 


y— 


work done by the gas is W, = ee 29 


s next placed on the sink and the gas is compressed 


iii) Isothermal compression: The systemi 
to the sink. It is represented by the 


at constant temperature T, by rejecting heat Q, 


curve (c). 


Isothermal compression of the gas changes its state from (P;,V3,T) to (PaVa T) - The 


heat released by the gas (Q,) to the sink is equal to the work done on the gas and is 
: i V. 
given by W, =Q, =nRT,én a — (8) 
4 
iv) Adiabatic compression: Finally the system is again placed on the non-conducting stand 


and the compression is continued so that the gas returns to its initial state along the 


curve (d). 


Adiabatic compression of the gas changes its state from (P,,V;,T:) to (P Vo T). The 


work done on the gas is W, = (2E) ———— (4) 
y-1 


Total work done by the gas in one complete cycle is W = W, + W, - W; — W, 


=> W =nRT,é a) + (2) —nRT,¢ of) - (1E) 
1 


Y= V4 yo 
V 
=> W =nRT,én k3 —nRT,én Ms. 
Vi A Vg 
The efficiency ‘n’ of the carnot engine is 1= jai =l- i ener — (5) 
Q, T, ) én(V, / V) 


Since (b) is an adiabatic process, 


: oon (ye 
TV = TV> =| — : 
1"? 273 T ($) panenn (6) 


Similarly, since (d) is an adiabatic process, 


eee F&® °° 
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From Eq. (6) and (7), we get A Ni > i (8) 
g V, Vi y V 


From Eq. (5) and (8), we get Y= lz 
i] 


b) Here, T, = 36°C = 36 +. 273 - 309K 3° T, =9°C = 94973 282K. 


~~ 


Bis ae > 28: 28: 
Coefficient of performance = a R an = ane = 10.44. 


T,-T, 309-282 ~ 97 
Š State second law of thermodynamics. How is heat engine different from a refrigerator ? 


May 14; AP Mar 15, 16,19, June 15; TS Mar 16, 18, 20, May 16, 18 


Ams: Second law of thermodynamics: 


a) Kelvin Planck statement: It is impossible to construct 


a heat: engine which can completely 
convert heat energy supplied to it into useful work. 


b) Clausius statement: It is impossible for a self acting machine unaided by any external agency 
to transfer heat energy from a body at lower temperature to a body at higher temperature. 


Heat engine: 
Heat engine is a device which converts heat energy into work. 


It consists of the following essential parts: 


W 
Source 
Hot Cold 
Reservoir Reservoir 
T T, 
Working 
substance 


1) Source (hot reservoir): It is maintained at high temperature (T,). Heat is extracted by ms 
working substance from this body with out change in its temperature. Its thermal capacity is 
infinite. 


k è “ csel engine w cing 
2) Working substance: In steam engine working substance is steam and > E har E 
a t-i , ai p of Q S a , 
substance is mixing of fuel vapour and air. It absorbs certain amount 0 l e rom 
converts a part of it into work and rejects the remaining heat to the sink. 


l 7 absorbs the heat rejected 
3) Sink (Cold reservoir): It is maintained at low temperature (T,). It absorbs the ie + a 
ature. Its thermal capacity is infinite. 

by working substance with out any change in its temperature. Its thermal capacity 


. ‘nal ene of the working 
The working substance taken through a cyclic process. So the internal energy g 
substance does not change. 


nn FY aa 
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Jr. INTER and rejects heat Q, to the sink so the 


Working substance absorbs heat Q, from the source 
work done by the system is W =Q, -Q 


sat absorbed 
The ratio of work done (W) by the engine to the amount of he it absorbed (Q,) by the 


engine is called its efficiency (n). 


ja  Q,-Q 
QQ 


— 


2 Q, 
9 1 Xe. os, oe 
l Q, Also 1 T, 


Refrigerator: Refrigerator is an ideal heat engine working in reverse direction and hence it is 


called as heat pump. 


In a refrigerator the working substance extracts an amount of heat Q, from the cold reservoir 


at low temperature T,. An amount of external work ‘W’ is done on the working substance and 


finally an amount of heat Q, is rejected to the hot reservoir at a high temperature T,. 


The ratio of heat extracted Q, from the cold reservoir to the work done ‘W’ on the working 


substance is known as coefficient of performance CB). 


i.e., E E N : 
W Q, -Q, T,-T, 


Cold | 
Reservoir 
T, 


Hot 
Reservoir 


T 


Working 
‘substance . 


***THE END*** 
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|| SHORT’ ANSWER QUESTIONS (4 


Four molecules of a gas have speeds 1, 2 


,dand 4 bis / 8 . Find rms speed of the gas molecules. 


2 2 2 2 
For the gas rms speed (v) = (eae 
ar a pele a 2 pr4+9ri6 Z JP = J75 =2.74 km/s, 
4 


What is the ratio of rms speed of oxygen and hydrogen molecules at the same temperature ? 


AP May 13 


AP May 14 
For a gas rms velocity 


Cae ee 
= M (or) a 


(or) aot My won| eau 
Vu, Mo, 32 4° 


- The ratio of rms speeds of oxygen to hydrogen is 1:4. 


1 
at constant temperature 
JM : p 


|| VERY SHORT ANSWER QUESTIONS 5/@MARKS) || 


Define mean free path. AP Mar 15, 17, 18; 19, 20; TS Mar 15, 17, May 18 


The average distance covered by a molecule between two successive collisions is called mean 
free path. 


Mean free path (A) =—=—;} ane : 


Here, ‘n’ is the number of molecules per unit volume and ‘d’ is the diameter of the molecule. 


Name two prominent phenomena which provide conclusive evidence of molecular motion, 
1) Brownian motion, 2) Diffusion, 


When does a real gas behave like an ideal gas ? 

Mar 14; AP Mar 19; TS Mar 16, 19, May 16, 18, June 15 
At low pressures and high temperatures, a real gas behaves like an ideal gas. 
State Boyle's law and Charles Law ? 


a) Boyle’s law: At constant temperature, the pressure of a given mass of a gas is inversely 
proportional to its volume. . 


AP June 15, Mar 18, 20; TS Mar 15, May 16 


i.e., Pei (or) PY=K (constant). 


en tt tt rneteng, 


nes o 
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10. 


a KINETIC THEORY OF GASES 


aw of Charles: At constant pressure. the volume of 
f; = 


b) Charlie's Ist law (or) constant ressure | : 
i ge ; al to its absolute temperature 


a given mass of a gas is directly proportion 


V 
ien. VaT (or) i =K (constant) . 


ex: At constant volume, the pressure of 


©) Charlie's 2nd law (or) constant volume law of Charl acer 
ri 


a given mass of a gas is directly proportional to its absolute tempe 


> 


i.e.. Px T (or) p =K (constant) . 
T 
` Mar 17, 18, 20 
State Dalton’s law of partial pressures. Mar ls 
mixture of perfect gases is the sum of the individual pr 
alone in the container at the same temperature. 


essures 
The total pressure exerted by a 


that each gas would exert, if it were present 


Total pressure P =P, +P; +P;.--- where P,.P,,Ps.---- partial pressures produced by individual gases. 


Explain the concept of degrees of freedom for molecules of a gas. 


Degrees of freedom: The degrees of freedom of a dynamical system are defined as ‘the total 
number of coordinates (or) independent quantities required to describe completely the position 


and configuration of the system. 
The number of degree of freedom of the system is given by f=3N-K. 
where ‘N’ is number of independent motions and `K is number of independent restrictions. 
Eg: i) Mono atomic gas molecules possess 3 degrees of freedom (N=1, K=0) 
ii) Diatomic gas molecules possess 5 degrees of freedom (N=2. K=1). 
iii) Triatomic gas molecules possess 6 degrees of freedom (N=3. K=3)- 
What is the expression between pressure and kinetic energy of a gas molecule ? 
AP Mar 15, 16, 17, May 18 


: e 2 NK 
The relation between pressure ‘p` and kinetic energy of a gas is given by P= 5, 


where ‘K’ is the average kinetic energy of translation per gas molecule, ‘N’ is number of molecule 
and ‘V’ is volume of the gas. 

When pressure increases by 2%, what is the percentage decrease in the volume of a gas 
assuming Boyle's law is obeyed ? 


According to Boyle's law, at constant temperature, the pressure of a given mass of a gas is 
inversely proportional to volume of given mass of the gas. 


Le, P 25 — py = constant (at constant temperature) 
A j 1 4 
L.e., PY, = PV; (or) P x Ay x V 


V; P M P, 
Let P =100 and Let P, =102, then + == (or) | =-1 |100 =| 5-1 |= 100 
V P V K 4 
V,-V, P -P, 


eg 500s x100 = 100-102 


P gy 100 = 1.96 


<. When pressure of a gas is increased by 2%, then volume is decreased by 1.96%. 


-@-—_—_—_—— 
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- oo) KINETIC THEORY OF GASES 
What is the law of equipartition of energy ? TS Mar 16, 17, 18 


The law of equipartitio 


n of ener 
rotational and Vibratio 


8y, States that this is so for each mode of ene 
nal, 


rgy: translational, 


That is, in equilibrium, the total energy is equally distributed in all possible energy modes, with 


each mode having an average en 


ergy equal to JkT, This is known as the law of equipartition 
of energy. 


If the absolute temperature of a gas is increased to 3 times, what will be the increase in rms 
velocity of the gas molecule ? 


TS June 15, Mar 19, 20 
v a [3K,T 
rms m 


Vims © VT and given T, =T, T, =3T 


Vins — T, _ V3T 
va NT T IT Vig = 5 


rms * 


Increase in RMS velocity vo —Vime SVIN ems — Vem = 0.732 Vims * 


*+**THE END*** 
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Max. Marks: 60 


Time: 3 Hours 


Note: Read the following instructions carefully. 


MI. 


21. 


ta ‘oetion-B and any two ques- 
ee ia ai g s of Section-B ant 
@) Answer all questions of Section-A. Answer any six questions Í 


tions of Section-C. , 
à . © > 3 : c S er t J)e. 
GD In section-A, questions from Sr.No. 1 to 10 are of very short answ 3 ae iene aan 
carries two marks. Every answer may be limited to 5 lines. Answer all these ques 
place in the same order. dias daa a 
(iii) In section-B, questions from Sr.No. 11 to 18 are of short answer type. Each question Cé 


four marks, Every answer may be limited to’10 lines. . gn 
Gv) In section-C, questions from Sr.No. 19 to 21 are of long answer type. Each question carries 


eight marks. Every answer may be limited to 40 lines. 
(v) Draw labelled diagrams, wherever necessary for questions in section-B and C. 


SECTION-A 
Answer ALL the following VSAQs: i 10x 2=20 


What are the fundamental forces in nature ? 
Why do we have different units for the same physical quantity ? 


Each question 


If la+5) = la -b| then what is the angle between 4 and b ? 


What is inertia ? What gives the measure of inertia 1 

Give the expression for the excess pressure in a liquid drop. 

Why are drops and bubbles spherical ? 

Why gaps are left between rails on a railway track ? 

Distinguish between heat and temperature. 
What is the expression between pressure and kinetic energy of a gas molecule ? 
When does a real gas behave like an ideal gas ? 


` SECTION-B | 


Answer any SIX of the following SAQs: . 6x4=24 
Acar travels the first third of a distance with a speed of 10 kmph, the second third at 20 kmph and 
the last third at 60 kmph. What is its mean speed over the entire distance ? : 
Show that the maximum height reached by a projectile launched at an angle 45° is one quarter of 
the range. 

Define the terms momentum and impulse. State and explain the law of conservation of momentum. 
Give example. . 
Define vector product. Explain the properties of a vector product with 2 examples. 


Find the centre of mass of three particles at the vertices of an equilateral triangle. The m 

; : . asses of 
the particles are 100 g, 150 g and 200 g respectively. Each side of the equilateral triangle is 0.5 m long 
What is a geostationary satellite ? State its uses. 


Describe the behaviour of a wire under gradually increasing load. 
Write short notes on Triple point of water. 


SECTION-C 
Answer any TWO of the following LAQs: itive 
State and prove law of conservation of energy in case of freely falling body. A pump is required 
to lift 600 kg of water per minute from a well of 25 m deep and to eject it with speed of 50 ms 5 
Calculate the power required to perform the above task. : 
Show that the motion of a simple pendulum is simple harmonic and hence derive an 


its time period. What is seconds pendulum ? equation for 
State second law of thermodynamics. How is heat engine different form a refrigerator. 
kaekkaeek 


. Q -————. 
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Time: 3 Hours 


Note: Read the followin 


g instru 
(i) Answer all questions c 
tions of Section-C. 

GÐ In section-A, que 


Max. Marks: 60 

ctions carefully. 
Í Section-A, Answer any six questions of Section-B and any two ques 
stions fro 
carries two marks, Eve 
place in the same 
Gii) In section-B, que 
four marks. Eve 
(iv) In section-C, 


m Sr.No. 1 to 10 arẹ of v 


ry answer may be limited to 


ery short answer type. Each question 
order 


5 lines. Answer all these questions at one 
Stions from Sr.No. 11 to 18 are 


of short answer type. Each question carries 
ry answer may be limited to 10 lines. 

questions from Sr.No. 19 to 21 
eight marks, Every answer may be 


are of long answer type. F 
(vy) Draw labelled diagrams, whe 


šach question carries 
limited to 40 lines. 
rever necessary for questions in section-B and C. 
SECTION-A 
Answer ALL the following VSAQs: 10.x 2 = 20 
What is the discovery of C.V. Raman ? 
Distinguish between Accuracy 
When two right angled vectors of magnitude 7 units and 24 units combine, what is the 
of their resultant ? 
A horse has to exert 
Define averag 


and Precision. 


magnitude 


a greater force during the start of the motion than later. Explain. 
€ pressure. Mention it’s unit and dimensional formula. Is it a scalar or a vector ? 
What is angle of contact ? 


State Newton’s law of cooling. 
State Weins displacement law. 
State Boyle’s law and Charles law. 
Define mean free path. 


SECTION-B 
Answer any SIX of the following SAQs: . 6x4=24 
A man walks ona straight road from his home to a market 2.5 km 


away with a speed of 5 kmh”. 
Finding the market closed, he instantly turns and walks back home with a speed of 7.5 kmh". 
What is the (a) magnitude of average velocity and (b) average speed of the man over the time 
interval 0 to 50 min. 

Show that the trajectory of an object thrown at a certain angle with the horizont 
State Newton’s second law of motion. Hence derive equation of motion F = ma. 
Distinguish between centre of mass and centre of gravity. 

Define vector product. Explain the properties of a vector 
What is orbital velocity ? Obtain an expression for it. 
Explain the concept of Elastic potential energy in a stretched wire 


al is a parabola. 


product with 2 examples. 


and hence obtain the expression 
for it. a. 
Explain Celsius and Fahrenheit scales of temperature. Obtain the relation between Celsius and 
Fahrenheit scales of temperature. 
l SECTION-C 


TY LAQs: 2x 8 = 16 
Tn ae ar e reep a and show that it leads to work-energy theorem. 
Define simple harmonic motion. Show that the motion of (point) projection of a particle performing 
uniform circular motion, on any diameter, is simple harmonic. 

Explain reversible and irreversible 


processes. Describe the working of Carnot engine. Obtain an 
expression for the efficiency. 


Seen 


A -@: 


_-© MODEL PAPERS 


Jr. INTER PHYSICS ©— 


Time: 3 Hours 
Note: Read the following instructions carefully. 


II. 


MODEL PAPER-3 
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Max. Marks: 60 


Sor Bez any two ques- 
(): Answer all questions of Section-A. Answer any six questions of Section B and any I 


aD oe ee from Sr.No. 1 to 10 are of very short answer type. Each oom 
carries two marks. Every answer may be limited to 5 lines. Answer all these questions at one 

did ee Sr.No. 11 to 18 are of short answer.type. Each question carries 
four marks. Every answer may be limited to 10 lines. 

(iv) In section-C, questions from Sr.No. 19 to 21 are of long answer type. Bath question carries 
eight marks. Every answer. may be limited to 40 lines. 

(v) Draw labelled diagrams, wherever necessary for questions in section-B and C. 


SECTION-A 


Answer ALL the following VSAQs: l EES 
What is Physics ? oe 
What is dimensional analysis ? aa . 
Two forces of magnitudes 3 units and 5 units act at 60° with each other. What is the magnitude of 
their resultant ? . y . 
If a bomb at rest explodes into two pieces, the pieces must travel in opposite directions. Explain. 
What is the principle behind the carburetor of an automobile ? 
Give the expression for the excess pressure in an air bubble inside the liquid. 
Can a substance contract on heating ? Give an example. 
Why utensils are coated black ? Why the bottom of the utensils are made of copper ? 
Define mean free path. 


. The absolute temperature of a gas is increased 3 times. What will be the increase in rms velocity 


of the gas molecule ? 
= SECTION-B a 
Answer any SIX of the following SAQs: 6x4=24 


A ball is thrown vertically upwards with a velocity of 20 ms“! from the top ofa multistorey building. 
The height of the point from where the ball is thrown in 25.0 m from the ground. (a) How high will 
the ball rise ? (b) How long will it be before the ball hits the ground. Take g=10ms~ [Actual 


value of ‘g’ is 9.8ms~] 

State Parallelogram law of vectors. Derive an expression for the magnitude and direction of the 
resultant vector. 

State the laws of rolling friction. 

Define angular velocity (œ). Derive v=ro. 

Distinguish between centre of mass and centre of gravity. 

What is escape velocity ? Obtain an expression for it. - 

Define strain energy and derive, the equation for the same. 

Explain conduction, convection and radiation with examples. 


SECTION-C 


Answer any TWO of the following LAQs: . 2x8=16 


What are collisions ? Explain the possible types of collisions ?. Develop the theory. of one 
dimensional elastic collision. 


Define simple harmonic motion. Show that the motion of (point) projection of a partiels performing 
uniform circular motion, on any diameter, is simple harmonic. 


State second law of thermodynamics. How is heat engine different from a dehrivanates ? 
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Max. Marks: 60 

Note: Read the following instructions carefully, 

®© Answer all questions of Section-A, Answer 
tions of Section-C. 


Gi) In section-A, questions from Sr.No, 1 to 10 are of very short 


answer type. Each question 
carries two marks, Every answer may be limited to 5 lines. Answer all these questions at one 
place in the same order, 

Gif) In Section-B, questio 


four marks, Every 
(iv) In Section-C, quest 
eight marks, Every 
©) Draw labelled diag 


any six questions of Section-B and any two ques- 


ns from Sr.No, 11 to 18 are of short answer type. Each question carries 
answer may be limited to 10 lines. 


ions from Sr.No. 19 to 21 are of long 
answer may be limited to 40 lines. 
rams, wherever necessary for questions in section-B and C. 


SECTION-A 


answer type. Each question carries 


Answer ALL the following VSAQs: 


10 x 2=20 
- What is the contribution of S. Chandra Sekhar to physics ? i 
02. Distinguish between fundamental units and derived units. 


03. If A=i +], what is the angle between vector A with x-axis ? 


Can the coefficient of friction be greater than one ? 
Mention any two examples that ob 
- What is magnus effect ? 


The roof of buildings are often painted white during summer. Why ? 
- Ventilators are provided in rooms just below the roof. Why ? 

State Dalton’s law of Partial pressures. 
» State Boyle’s law and Charles law. 


ey Bernoullis theorem & justify them. 


: SECTION-B 
Il, Answer any SIX of the following SAQs: - 


- A ball is dropped from the roof of a t 
horizontally with some velocity from th 


12. A force 2] +j- 


6x4=24 
all building and simultaneously another ball is thrown 
e same roof. Which ball lands first ? Explain your answer. 
k newton acts on a body which is initially at rest. At the end of 20 seconds, the 


velocity of the body is 4] +2j -2k ms~!. What is the mass of the body ? 
- Mention the methods used to decrease friction. 


14, Define angular acceleration and torque. Establish the relation between angular acceleration and 
torque. 


Define angular velocity (w). Derive v =ro. ie 
Derive the relation between acceleration due to gravity (g) at the surface of a planet and gravitational 
constant (G). l , 

» Describe the behaviour of a wire under gradually increasing load. . 

» Pendulum clocks generally go fast in winter and slow in summer. Why ? 


SECTION-C 


Answer any TWO of the following LAQs: 2x8=16 
Develop the notions of work and kinetic energy and show that it leads to work-energy theorem. 
* Show that the motion of a simple pendulum is simple harmonic and hence drive an equation for 
its time period. What is seconds pendulum ? 


21. State Second law of thermodynamics. How is heat engine different from a refrigerator. 
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Note: Read the following Iinatructiona carefully, 

0M Answer all questions of Section \, Answer any AIX (ui 
tions of Section’ 

AD In section-A, questions from 
carries two marks, Every anawer may be 
place in the same order 

GU) In seetion-B, questions from Sr No 
four markas, Every answer may be 

(iv) In section-C, questions from Sr.No, 19 to 21 
eight marks, Every answer may be limited to 40 linos 

(v) Draw labelled diagrams, wherever necessary for questions tn section ly) aned € 


SECTION-A 


wona of het thowls and any two que 
type, ba h question 


ge No, tto 10 are of very short ans wel 
atlonas Al one 


limited tod linen, Answer all these qurt 
}i ta I8 are of short anawer type, bat h question í arri 


ihulted to LO Hnes 
are of long answer type, Bach question carri 


Q ‘ x 2m 20 

I, Answer ALL the following VSAQs: M 

Ol, What is the discovery of C.V. Raman ? 

02. How can systematic errors be minimized or eliminated ? 

03. UW Peota apa and Qe Aia Aje t0k find the magnitude of PQ. 

04. What happens to the coefficient of friction i welght of the body ts doubled, 

05. Define Viscosity, What are it's units and dimenstons ? 

06. Give the expression for the excess pressure in the soap bubble in ate, 

07. What is greenhouse effect ? Explain global warming. 

08. State the conditions under which Newton's law of cooling ts applicable, 

09. When does a real gas behave like an ideal gas ? 

10. Pressure of an ideal gas in container is Independent of shape of the contalnerexplaln, 

SECTION-B 
Il. Answer any SIX of the following SAQs: Gx de 24 
1h A bullet moving with a speed of 150 ms ' strikes a tree and penetrates 3.5 cm before stopping, 
What is the magnitude of its retardation in the tree and the time taken for it to stop after striking 
the tree ? 

12. Two balls are projected from the same pointin directions 30° and 60° with respect to the horizontal, 
What is the ratio of their initial velocities if they (a) attain the same height ? (b) have the same 
range ? 

13. Explain the advantages and disadvantages of friction, 

14. State and prove the principle of conservation of angular momentum, 

15. Define angular velocity (w). Derive vie re, 

16. State Kepler's laws of planetary motion, 

17. Define stress and explain the types of stress, 

18. In what way is the anomalous behaviour of water advantageous to aquatic animals ? 

ryt 
SECTION-C 

Il. Answer any TWO of the following LAQs: 2xRe IG 

19. State and prove law of conservation of energy in case of freely falling body, A machine gun fires 
360 bullets per minute and each bullet travels with a velocity of 600 ms!) IE the mass of each 
bullet is 5 gm, find the power of the machine gun, 

20. Show that the motion of a simple pendulum is simple harmonte and hence drive an equation for 
its time period, What is seconds pendulum ? What is the length ofa simple pendulum, which ticks 
seconds ? 

21. Explain reversible and irreversible processes, Describe the working of Carnot engine, Obtain an 


expression for the efficiency. 
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